METHODS AND COMPOSITIONS FOR PEARL OYSTER CULTIVATION 

[0001] Cross-Reference to Related Applications This application claims the 
benefit of U.S. Provisional Application No. 60/3 1 0,070, filed August 2, 2001 . 

TECHNICAL FIELD 
[0002] The invention relates to pearl oyster cultivation. In particular, it relates to 
polynucleotides and polypeptides of the nacre gene of Pinctada margaritifera, and 
methods of using these polynucleotides and polypeptides in pearl oyster cultivation. 

9 BACKGROUND ART 

CO [0003] Traditional methods of pearl oyster cultivation For 

m example, there is no guarantee that each oyster that is cultivated would produce a 

H pearl at all, let alone a pearl possessing a desired characteristic. A pearl is produced 

i"' through about 1 to 3 years of cultivation of the pearl oyster following transplantation 

m into the pearl oyster gonad of a nucleus made of, for example, a piece of a shell, 

fU along with a piece of mantle tissue. Many factors combine to vary the results of pearl 

□ oyster cultivation, and consequently usually only a portion of the pearl crop is of 

1 y acceptable quality. For example, an oyster may get weak from overcrowding or a 

lack of sufficient plankton in the water in which it is being cultivated. Hitherto, 
conditions agreeable for a pearl oyster with respect to pearl formation are generally 
determined through a "hit-or-miss" approach. 

[0004] The product of the nacre gene is an acidic protein (nacrein) implicated in 
pearl formation. Nacrein has a calcium ion binding activity. A pearl is an 
aggregation of calcium carbonate, among other components, on an organic matrix. 
[0005] Inefficiency in the traditional methods of cultivation is due in large part to 
lack of understanding of the pearl formation process at the molecular level. This lack 
of understanding, in turn, is due in large part to lack of access to the genetic 
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information underlying the pearl formation process. Sequences of a limited number 
of genes of certain species of pearl oyster have been disclosed. See, for example, U.S. 
Pat. Nos. 5,968,772 and 6,001,592. 

[0006] The present invention addresses these problems by providing 
polynucleotides and polypeptides from the nacre gene of Pinctada margaritifera. 
These polynucleotides and polypeptides can be used in a variety of ways, including in 
improved methods of pearl oyster cultivation. 

SUMMARY OF THE INVENTION 
[0007] This invention provides Pinctada margaritifera nacre gene polynucleotide 
sequences, nacrein polypeptides encoded by these sequences, antibodies that bind to 
these polypeptides, compositions comprising any of the above, as well as methods 
using the polynucleotides, polypeptides, and/or antibodies. Arrays comprising these 
polynucleotides, polypeptides and/or antibodies are also provided by the invention. 
[0008] Accordingly, in one aspect, the invention provides an isolated 
polynucleotide comprising a sequence encoding a nacrein or nacrein-related 
polypeptide, or fragment thereof, preferably from the Pinctada margaritifera species. 
In one embodiment, the invention provides an isolated polynucleotide comprising: a) 
a polynucleotide having the sequence as shown in SEQ ID NO: 1, or its complement; 
orb) a fragment of said polynucleotide wherein said fragment is: i) at least 10, 15, 20, 
25, 30, 35, 40, 45 or 50 nucleotides in length; and ii) does not correspond identically 
in its entirety to any portion of the sequence shown in SEQ ID NOs:2 or 3 or any 
other known polynucleotide; or c) a polynucleotide that selectively hybridizes to the 
sequence of SEQ ID NO:l, or said fragment, relative to a known polynucleotide. In 
one embodiment, said polynucleotide that selectively hybridizes to the sequence of 
SEQ ID NO:l, or said fragment, relative to a known polynucleotide, hybridizes under 
intermediate stringency conditions. In another embodiment, said polynucleotide that 
selectively hybridizes to the sequence of SEQ ID NO:l, or said fragment, relative to a 



known polynucleotide, hybridizes under high stringency conditions. In one 
embodiment, said polynucleotide comprises the sequence as shown in SEQ ID NO:l, 
or its complement, or said fragment thereof. In yet another embodiment, the 
invention provides polynucleotides comprising a sequence with at least 40%, at least 
50%, preferably at least 60%, more preferably at least 70%, even more preferably at 
least 80%, more preferably at least 90%, most preferably at least 95% sequence 
identity with the sequence depicted in SEQ ID NO: 1, wherein said sequence does not 
correspond identically in its entirety to any portion of the sequence shown in SEQ ID 
NOs:2 or 3, or any other known polynucleotide. In another embodiment, said 
polynucleotide consists essentially of the sequence shown in SEQ ID NO:l, or its 
complement, or a fragment thereof. In some embodiments, any of these 
polynucleotides can be at least 450, preferably at least 500, more preferably at least 
600, even more preferably at least 1000, still more preferably at least 2000, more 
preferably at least 3000, most preferably at least 5000 nucleotides in length. In some 
embodiments, any of these polynucleotides can be up to about 450, preferably up to 
about 500, more preferably up to about 600, even more preferably up to about 1000, 
still more preferably up to about 2000, more preferably up to about 3000, and most 
preferably up to about 5000 nucleotides in length. In some embodiments, any of 
these polynucleotides is between about 450 and about 5000, more preferably between 
about 500 and about 3000, even more preferably between about 600 and about 2000, 
and most preferably between about 1000 and about 2000 nucleotides in length. In 
some embodiments, these polynucleotides comprise a genomic sequence. In some 
embodiments, the genomic sequence comprises a region of at least 50, 100, 150, 200, 
250, 300, 400, or 500 contiguous nucleotides, wherein said region is contained in the 
sequence depicted in SEQ ID NO:l, wherein said region does not correspond 
identically in its entirety to any portion of the sequence shown in SEQ ID NOs:2 or 3, 
or any other known polynucleotide. In some embodiments, the genomic sequence 
comprises a region of at least 50, 100, 150, 200, 250, 300, 400, or 500 contiguous 



nucleotides, with the region having at least 40%, at least 50%, more preferably at 
least 60%, even more preferably at least 70%, still more preferably at least 80%, and 
most preferably at least 90% sequence identity with a sequence depicted within SEQ 
ID NO:l, wherein said sequence does not correspond identically in its entirety to any 
portion of the sequence shown in SEQ ID NOs:2 or 3, or any other known 
polynucleotide. 

[0009] In one embodiment, the invention provides polynucleotides comprising a 
sequence with at least 70%, more preferably at least 80%, most preferably at least 
90%, most preferably at least 95% sequence identity with the sequence depicted in 
SEQ ID NO:l, wherein said sequence does not correspond identically in its entirety 
to any portion of the sequence shown in SEQ ID NO:2, or any other known 
polynucleotide. In some embodiments, any of these polynucleotides can be at least 
450, preferably at least 500, more preferably at least 600, even more preferably at 
least 1000, still more preferably at least 2000, more preferably at least 3000, most 
preferably at least 5000 nucleotides in length. In some embodiments, any of these 
polynucleotides can be up to about 450, preferably up to about 500, more preferably 
up to about 600, even more preferably up to about 1 000, still more preferably up to 
about 2000, more preferably up to about 3000, and most preferably up to about 5000 
nucleotides in length. In some embodiments, any of these polynucleotides is between 
about 450 and about 5000, more preferably between about 500 and about 3000 
nucleotides, even more preferably between about 600 and about 2000, and most 
preferably between about 1000 and about 2000 nucleotides in length. In some 
embodiments, these polynucleotides comprise a genomic sequence. In some 
embodiments, the genomic sequence comprises at region of at least 50, 100, 150, 200, 
250, 300, 400, or 500 contiguous nucleotides, with the region having at least 70%, at 
least 80%, more preferably at least 90%, even more preferably at least 70%, still 
more preferably at least 80%, and most preferably at least 95% sequence identity with 
a sequence depicted within SEQ ID NO:l, wherein said sequence does not 



correspond identically in its entirety to any portion of the sequence shown in SEQ ID 
NOs:2, or any other known polynucleotide. 

[0010 J In one embodiment, the invention provides polynucleotides comprising a 
sequence with at least 90%, more preferably at least 95%, most preferably at least 
98%, most preferably at least 99% sequence identity with the sequence depicted in 
SEQ ID NO:l, wherein said sequence does not correspond identically in its entirety 
to any portion of any known polynucleotide. In some embodiments, any of these 
polynucleotides can be at least 450, preferably at least 500, more preferably at least 
600, even more preferably at least 1000, still more preferably at least 2000, more 
preferably at least 3000, most preferably at least 5000 nucleotides in length. In some 
embodiments, any of these polynucleotides can be up to about 450, preferably up to 
about 500, more preferably up to about 600, even more preferably up to about 1000, 
still more preferably up to about 2000, more preferably up to about 3000, and most 
preferably up to about 5000 nucleotides in length. In some embodiments, any of 
these polynucleotides is between about 450 and about 5000, more preferably between 
about 500 and about 3000 nucleotides, even more preferably between about 600 and 
about 2000, and most preferably between about 1000 and about 2000 nucleotides in 
length. In some embodiments, these polynucleotides comprise a genomic sequence. 
In some embodiments, the genomic sequence comprises at region of at least 50, 100, 
150, 200, 250, 300, 400, or 500 contiguous nucleotides, with the region having at 
least 90%, at least 95%, more preferably at least 98%, even more preferably at least 
99% sequence identity with a sequence depicted within SEQ ID NO :1, wherein said 
sequence does not correspond identically in its entirety to any portion of any known 
polynucleotide. 

[0011] In one aspect, the invention provides fragments of any of the 
polynucleotides described herein. These fragments are preferably at least 10, 12, 15, 
20, 25, 30, 35, 40, 45 or 50 nucleotides in length. In some embodiments, a fragment 
comprises a sequence with preferably at least 80%, more preferably at least 85%, 



even more preferably at least 90%, and most preferably at least 95% sequence 
identity with a sequence depicted in SEQ ID N0:1, wherein said sequence does not 
correspond identically in its entirety to any portion of the sequence shown in SEQ ID 
NOs:2 or 3, or any other known polynucleotide. 

[0012] In some embodiments, the polynucleotides of the invention, complements 
of these polynucleotides, or fragments of the polynucleotides further comprise a 
detectable label. 

[0013] In some embodiments, the polynucleotides of the invention, complements 
of these polynucleotides, or fragments of the polynucleotides are attached to a solid 
support. For example, the invention provides arrays and microarrays comprising 
polynucleotides, polypeptides, and/or antibodies of the invention. 
[0014] In one aspect, the invention provides a host cell comprising an isolated 
polynucleotide of the present invention. A host cell can be of any species. A host 
cell is preferably of bacterial, molluscan (for example, oyster, preferably pearl oyster) 
or mammalian in origin. 

[0015] In another aspect, the invention provides isolated polypeptides encoded by 
any of the polynucleotides of the present invention as described herein. In one 
embodiment, the invention provides an isolated polypeptide comprising: a) a 
polypeptide having the sequence as shown in SEQ ID NO:4; or b) a fragment of said 
polypeptide wherein said fragment is: i) at least 10, 15, 20, 25, 30, 35, 40, 45, 50, 75, 
100, 150, 200 amino acids in length; and ii) does not correspond identically in its 
entirety to any portion of the sequence shown in SEQ ID NOs:5 or 6 or any other 
known polypeptide. In yet another embodiment, the invention provides polypeptides 
comprising a sequence with at least 50%, preferably at least 60%, more preferably at 
least 70%, even more preferably at least 80%, more preferably at least 90%, most 
preferably at least 95% sequence identity with the sequence depicted in SEQ ID 
NO:4, wherein said sequence does not correspond identically in its entirety to any 



portion of the sequence shown in SEQ ID NOs:5 or 6, or any other known 
polypeptide. 

[0016] In one aspect, the invention provides fragments of any of the polypeptides 
described herein. These fragments are preferably at least 10, 15, 20, 25, 30, 35, 40, 
45, 50, 75, 100, 150, 200 amino acids in length. In some embodiments, a fragment 
comprises a sequence with preferably at least 80%, more preferably at least 85%, 
even more preferably at least 90%, and most preferably at least 95% sequence 
identity with a sequence depicted in SEQ ID NO:4, wherein said sequence does not 
correspond identically in its entirety to any portion of the sequence shown in SEQ ID 
NOs:5 or 6, or any other known polypeptide. 

[0017] In one aspect, the invention provides a polypeptide comprising amino 
acids 81-194 of SEQ ID NO:4. In another embodiment, the invention provides a 
polypeptide comprising amino acids 520-609 of SEQ ID NO:4. In a still further 
embodiment, the invention provides a polypeptide comprising amino acids 81-194 
and 520-609 of SEQ ID NO:4. In some embodiments, the invention provides a 
polypeptide comprising a region comprising at least 5, more preferably at least 10, 
even more preferably at least 15, still more preferably at least 20, and most preferably 
at least 30 contiguous amino acids, with the region having at least 50%, more 
preferably at least 60%, even more preferably at least 70%, still more preferably at 
least 80%, and most preferably at least 90% sequence identity with a sequence 
depicted within the sequence from amino acids 81-194 or 520-609 of SEQ ID NO:4, 
wherein said sequence does not correspond identically in its entirety to any portion of 
the sequence shown in SEQ ED NOs:5 or 6, or any other known polypeptide. In one 
embodiment, the invention provides a polypeptide comprising an amino acid 
sequence with preferably at least 50%, more preferably at least 60%, even more 
preferably at least 70%, still more preferably at least 80%, and most preferably at 
least 90% sequence identity with the sequence from amino acids 81-194 or 520-609 
of SEQ ID NO:4, wherein said sequence does not correspond identically in its 



entirety to any portion of the sequence shown in SEQ ID NOs:5 or 6, or any other 
known polypeptide. 

[0018] In yet another aspect, the invention provides isolated polynucleotides 
comprising a sequence encoding any of the polypeptides of the present invention. In 
one embodiment, these isolated polynucleotides comprise a genomic sequence. In 
one embodiment, these isolated polynucleotides comprise an intronic sequence. In 
one embodiment, these isolated polynucleotides comprise a genomic sequence of 
Pinctada margaritifera origin. In another embodiment, these isolated 
polynucleotides comprise an intronic sequence of Pinctada margaritifera origin. 
These polynucleotides can be of any length, and in one embodiment are preferably at 
least about 1000, 2000, 3000, 4000, 5000 or 6000 nucleotides in length. In another 
embodiment, these polynucleotides are up to about 1000, preferably up to about 
2000, more preferably up to about 3000, even more preferably up to about 4000, 
more preferably up to about 5000, most preferably up to about 6000 nucleotides in 
length. In yet another embodiment, these polynucleotides are between about 1000 
and about 6000, preferably between about 2000 and about 5000, more preferably 
between about 3000 and about 4000 nucleotides in length. In one embodiment, the 
invention provides isolated polynucleotides encoding nacrein protein, or fragments 
thereof, of Pinctada margaritifera. In some embodiments, the isolated 
polynucleotides encoding nacrein protein, or fragments thereof, comprise a sequence 
contained in SEQ ID NO:l. In some of these embodiments, said sequence contained 
in SEQ ID NO:l comprises a region containing at least 50, 100, 150, 200, 250, 300, 
400, 500, 750, 1000, 1500 or 2000 contiguous nucleotides depicted in SEQ ID NO:l. 
In some embodiments, these polynucleotides are between 1000 to 6000 nucleotides in 
length. In other embodiments, these polynucleotides are between 1000 to 2000 
nucleotides in length. 

[0019] In another aspect, the invention provides polynucleotides comprising a 
sequence from the nacre gene of Pinctada margaritifera and a sequence from another 
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gene. Preferably, said another gene is a nacre gene from a different oyster species. 
In one embodiment, a polynucleotide of the invention comprises a sequence from the 
nacre gene of Pinctada margaritifera and a sequence from the nacre gene of 
Pinctada maxima (for example, a sequence contained in the sequence depicted in 
SEQ ID NO: 2). In another embodiment, a polynucleotide of the invention comprises 
a sequence from the nacre gene of Pinctada margaritifera, a sequence from the nacre 
gene of Pinctada maxima (for example, a sequence contained in the sequence 
depicted in SEQ ID NO:2) and a sequence from the nacre gene of Pinctada fucata 
(for example, a sequence contained in the sequence depicted in SEQ ID NO:3). In 
another embodiment, a polynucleotide of the invention comprises a sequence from 
the nacre gene of Pinctada margaritifera and a sequence from the nacre gene of 
Pinctada fucata (for example, a sequence contained in the sequence depicted in SEQ 
ID NO:3). 

[0020] In another aspect, the invention provides an isolated polynucleotide 
comprising a region of at least 20, more preferably at least 50, even more preferably 
at least 75, and most preferably at least 100 contiguous nucleotides, with the region 
having at least 80%, preferably at least 85%, more preferably at least 90%, most 
preferably at least 95% sequence identity with a sequence depicted in SEQ ID NO:l, 
wherein said region does not correspond identically in its entirety to any portion of 
the sequence shown in SEQ ID NOs:2 or 3, or any other known polynucleotide. In 
other embodiments, the invention provides an isolated polynucleotide comprising a 
region of at least 20, 50, 75, or 100 contiguous nucleotides, with the region able to 
hybridize under moderate or stringent conditions to the sequence depicted in SEQ ID 
NO: 1 , wherein said region does not correspond identically in its entirety to any 
portion of the sequence shown in SEQ ID NOs:2 or 3, or any other known 
polynucleotide. 
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[0021 J In one aspect, the invention provides methods for using polynucleotides 
and/or polypeptides (including antibodies, and fragment thereof), for example in 
aspects of cultivation of pearl oyster, preferably Pinctada margaritifera. 
[0022] Accordingly, in one aspect, the invention provides methods of 
determining a condition that permits pearl formation, said method comprising 
cultivating a pearl oyster under a condition of interest and detecting expression of 
nacre gene of the oyster by contacting a sample from the oyster with a polynucleotide 
of the present invention (generally under conditions that permit detection of 
expression of the nacre gene using the said polynucleotide), whereby detection of 
said expression indicates that said condition of interest permits pearl formation. A 
condition of interest includes, but is not limited to, water conditions (such as 
temperature, ionic strength, chemical composition, depth), mantle tissue 
transplantation technique, duration of culture, physical characteristics of an oyster, 
and age of an oyster. Detection of expression can be achieved by any of a variety of 
techniques known in the art, including, for example, nucleic acid hybridization and/or 
nucleic acid amplification. The pearl oyster used in the methods of the invention can 
be of any species. In one embodiment, the pearl oyster used in methods of the 
invention is of the species Pinctada margaritifera. The sample in which nacre gene 
expression is to be detected generally comprises nucleic acid molecules, preferably 
RNA. The sample can be from any part of the oyster in which the nacre gene is 
known or suspected to be expressed. Preferably, the sample is from mantle tissue. 
[0023] In one aspect, the invention includes cloning vectors, expression vectors, 
host cells, and compositions comprising any of the above polynucleotides. 
[0024] In another aspect, the invention includes compositions comprising any of 
the polynucleotides and/or polypeptides (including antibodies) of the invention. 
[0025] In still another aspect, the invention provides isolated (generally purified) 
antibodies or antigen binding fragments thereof, that bind to a polypeptide of the 
invention, or fragment thereof, as described herein. These antibodies are generally 
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and preferably capable of specifically binding to a polypeptide, or fragment thereof, 
of the invention. In one embodiment, an antibody of the invention is a monoclonal 
antibody. In another embodiment, an antibody of the invention is a polyclonal 
antibody. In yet another embodiment, an antibody of the invention is provided as an 
antiserum. In still another embodiment, an antibody of the invention is provided as 
ascites fluid. 

[0026] In one embodiment, the invention provides an isolated antibody that binds 
to a polypeptide, or fragment thereof, of the invention, said antibody made by a 
method comprising: (a) immunizing a host animal with a composition comprising 
said polypeptide^ or fragment thereof; and (b) collecting cells from said host 
expressing antibodies against the polypeptide, or fragment thereof. 
[0027] In another embodiment, the invention provides an isolated antibody that 
binds to a polypeptide or fragment thereof, of the invention, said antibody made by a 
method comprising: (a) providing a cell line producing an antibody, wherein said 
antibody binds to said polypeptide, or fragment thereof; and (b) culturing said cell 
line under conditions wherein said antibodies are produced. 
[0028] In one aspect, the invention provides methods of determining a condition 
that permits pearl formation, said method comprising: a) cultivating a pearl oyster 
under a condition of interest; and b)detecting expression of nacre gene of the oyster 
by contacting a sample from the oyster with an antibody of the present invention 
(generally under conditions that permit formation of a stable antibody-antigen 
complex), whereby detection of said expression indicates that said condition of 
interest permits pearl formation. Detection of expression can be achieved by any of a 
variety of techniques known in the art. The pearl oyster used in the methods of the 
invention can be of any species. In one embodiment, the pearl oyster used in 
methods of the invention is of the species Pinctada margaritifera. The sample in 
which nacre gene expression is to be detected generally comprises polypeptides, 
preferably nacrein protein and/or fragments thereof. The sample can be from any part 
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of the oyster in which the nacre gene is known or suspected to be expressed. 
Preferably, the sample is from mantle tissue. 

[0029] In yet another aspect, the invention provides methods of detecting a 
nacrein-expressing oyster, said method comprising: (a) contacting a sample from said 
oyster with a polynucleotide, or fragment thereof, described herein; and (b) detecting 
hybridization of said polynucleotide to the sample. Detection of expression can be 
achieved by any of a variety of techniques known in the art. The pearl oyster used in 
the methods of the invention can be of any species. In one embodiment, the pearl 
oyster used in methods of the invention is of the species Pinctada margaritifera. The 
sample in which nacre gene expression is to be detected generally comprises nucleic 
acids, preferably RNA. The sample can be from any part of the oyster in which the 
nacre gene is known or suspected to be expressed. Preferably, the sample is from 
mantle tissue. 

[0030] In yet another aspect, the invention provides methods of detecting a 
nacrein-expressing oyster, said method comprising: (a) contacting a sample from said 
oyster with an antibody described herein (generally under conditions that permit 
formation of a stable antibody-antigen complex); and (b) detecting binding of said 
antibody (for example, detecting an antibody-antigen complex) to the sample. 
Detection of expression can be achieved by any of a variety of techniques known in 
the art. The pearl oyster used in the methods of the invention can be of any species. 
In one embodiment, the pearl oyster used in methods of the invention is of the species 
Pinctada margaritifera. The sample in which nacre gene expression is to be detected 
generally comprises polypeptides, preferably nacrein protein and/or fragments 
thereof. The sample can be from any part of the oyster in which the nacre gene is 
known or suspected to be expressed. Preferably, the sample is from mantle tissue. 
[0031] In still another aspect, the invention provides methods of quantifying 
nacre gene expression in a sample, said method comprising: (a) contacting said 
sample with a polynucleotide described herein (generally under conditions that permit 
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nucleic acid hybridization); (b) detecting hybridization of said polynucleotide to said 
sample; (c) comparing the amount of the hybridization of step (b) with the amount of 
hybridization of said polynucleotide to a reference polynucleotide. A reference 
polynucleotide can be any polynucleotide that permits quantification of nacre gene 
expression according to the method of the invention. A reference polynucleotide may 
or may not comprise a sequence related to the nacre gene. If the amount of a 
reference polynucleotide is known, comparison of the amount of hybridization of the 
polynucleotide of the invention to the sample and to the reference polynucleotide 
would permit quantification of nacre gene expression in the sample. The sample can 
be from any source suspected or known to contain nucleic acids reflective of nacre 
gene expression. In one embodiment, the sample is obtained from a pearl oyster, 
preferably Pinctada margaritifera. 

[0032] In another aspect, the invention provides methods of quantifying nacrein 
in a sample, said method comprising: (a) contacting said sample with an antibody of 
the invention as described herein (under conditions that permit formation of a stable 
antibody-antigen complex); (b) detecting binding of said antibody to said sample (for 
example, detecting an antibody-antigen complex); (c) comparing the amount of the 
binding of step (b) with the amount of binding of said antibody to a reference 
polypeptide. A reference polypeptide can be any polypeptide that permits 
quantification of nacre gene expression according to the method of the invention. A 
reference polypeptide may or may not comprise a sequence related to the nacrein 
protein. If the amount of a reference polypeptide is known, comparison of the 
amount of binding of the polypeptide of the invention to the sample and to the 
reference polypeptide would permit quantification of nacrein in the sample. The 
sample can be from any source suspected or known to contain the nacrein protein, or 
fragments thereof, reflective of nacre gene expression. In one embodiment, the 
sample is obtained from a pearl oyster, preferably Pinctada margaritifera. 
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[0033] In another aspect, the invention provides kits for detection or 
quantification of (a) a polynucleotide comprising a nacre gene sequence from pearl 
oyster (preferably Pinctada margaritifera); or (b) a polypeptide comprising an amino 
acid sequence of a nacrein protein, or fragment thereof, from pearl oyster (preferably 
Pinctada margaritifera); or (c) an mti-Pinctada margaritifera nacrein (or fragment 
thereof) antibody in a biological sample. These kits contain (a) a polynucleotide of 
the invention; (b) an antibody of the invention; and/or (c) a polypeptide of the 
invention, respectively. 

[0034] In still another aspect, the invention provides transgenic organisms 
comprising a polynucleotide described herein. Preferably, the transgenic organism is 
molluscan, preferably a pearl oyster, preferably of the Pinctada margaritifera 
species. In some embodiments, the transgenic organism is mammalian, for example 
mouse or rat. 

MODES FOR CARRYING OUT THE INVENTION 

[0035] We have cloned polynucleotides encoding sequences of the nacre gene 
from Pinctada margaritifera and have discovered that these polynucleotides, and 
their corresponding polypeptides (and antibodies), can be used in various aspects of 
pearl oyster cultivation. The discovery of these polynucleotides, polypeptides and 
antibodies greatly benefits efforts to increase efficiency in the pearl oyster cultivation 
industry. These polynucleotides, polypeptides and antibodies are useful, for example, 
in determining suitable and/or optimal conditions for cultivating pearl oysters, thus 
reducing much of the uncertainty presently existing in this industry. They can also be 
used in the formation of pearls, and/or components of pearls, thus reducing the costs 
of such efforts. 

[0036] Accordingly, the invention provides nacre polynucleotide sequences, 
including polynucleotides encoding the polypeptides encoded by nacre 
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polynucleotide sequences of the invention. These polynucleotide sequences are 
useful as probes, for example, for detecting nacre gene expression in a biological 
sample. They are also useful for producing nacrein and nacrein-related polypeptides 
or fragments thereof. The invention also provides nacrein and nacrein-related 
polypeptides which are useful, inter alia, for making antibodies or for detection of 
nacre gene expression in a biological sample and as a basis for rational polypeptide 
design. Further, the invention provides antibodies raised against nacrein and nacrein- 
related polypeptides or fragments thereof. The invention also provides methods using 
the nacre polynucleotides of the invention, such as methods of detecting nacre gene 
expression in a biological sample. The invention also provides methods of generating 
nacrein and nacrein-related polypeptides in vitro or in vivo. Other methods of the 
invention include screening methods for identifying pearl oysters capable of 
expressing nacrein. The invention also provides methods of identifying conditions 
suitable for pearl oyster cultivation, for example by assessing nacre gene expression 
under a culture condition of interest. The invention also provides compositions 
comprising polynucleotides and polypeptides (including antibodies) of the invention. 
These and other embodiments will be described in more detail below. 
[0037] In another aspect, the invention provides arrays or microarrays comprising 
any of the polynucleotides, polypeptides and/or antibodies described herein. Methods 
using these arrays or microarrays, including any of the methods described herein, are 
also provided. 

Definitions 

[0038] As used herein, "nacre " or "nacre gene " refers to the pearl oyster gene 
known as such in the art and as described herein. As is understood in the art, the 
nacre gene includes not only the coding sequences, but may also include 5' and 3' 
flanking sequences. A "fragment" of a polynucleotide is a portion of a 
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polynucleotide, and may contain coding and/or non-coding sequences. Preferably, a 
fragment of a polynucleotide comprises at least 10 contiguous nucleotides, more 
preferably at least 15, more preferably at least 25, more preferably at least 30, more 
preferably at least 50, more preferably at least 75, more preferably at least 100 
contiguous nucleotides. 

[0039] As used herein, a "nacre polynucleotide" refers to a polynucleotide of the 
present invention as described herein. 

[0040] "Nacrein" refers to a protein (polypeptide) product encoded in the nacre 
gene. A nacrein-related polypeptide refers to polypeptides described herein 
(generally with sequences related to, i.e. homologous to, a sequence contained within 
p the sequence depicted in SEQ ID NO:4), for example, to a polypeptide encoded by a 

rf polynucleotide comprising a sequence depicted in, for example, SEQ ID NO:l, 

IP wherein the sequence does not correspond identically in its entirety to any portion of 

I* M *• 

the sequence shown in SEQ ED NOs:2 or 3 or any other known polynucleotide. In 
^- another example, nacrein-related polypeptide may refer to a polypeptide containing 

S3 an amino acid sequence with at least 50%, more preferably at least 60%, even more 

ir5 ir 
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m preferably at least 70%, still more preferably at least 80%, and most preferably at 

least 90% sequence identity with a sequence in SEQ ID NO:4, wherein the sequence 

ill does not correspond identically in its entirety to any portion of the sequence shown in 

SEQ ID NOs:5 or 6 or any other known polypeptide. A nacrein-related polypeptide 
may or may not contain the entire sequence of a nacrein protein. A "fragment" of a 
polypeptide is a portion of a polypeptide. It is understood that a nacrein or nacrein- 
related polypeptide may exist in more than one form, such as a single nacrein or 
nacrein-related polypeptide, an assembly of at least one nacrein or nacrein-related 
polypeptide, and/or within a complex (i.e., comprising multi-subunits) containing at 
least one nacrein or nacrein-related polypeptide with at least one other polypeptide. 
[0041] "Nacrein function" refers to an activity or characteristic associated with 
expression of nacre. The nature of these activity(s) or characteristic(s) depend upon 
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the organism in which nacre function is found but generally appears to stem from 
transcriptional regulation (i.e. repression) of certain genes. These activities and 
characteristics include, but are not limited to, expression of nacre (i.e., transcription 
and translation of nacre), binding other proteins, regulation (whether induction or 
repression) of certain genes, and particular phenotypic characteristics. 
[0042] As used herein, a "polynucleotide" is a polymeric form of nucleotides of 
any length, which contain deoxyribonucleotides, ribonucleotides, and/or their 
analogs. The terms "polynucleotide" and "nucleotide" as used herein are used 
interchangeably. Polynucleotides may have any three-dimensional structure, and 
may perform any function, known or unknown. The term "polynucleotide" includes 
double- , single-stranded, and triple-helical molecules. Unless otherwise specified or 
required, any embodiment of the invention described herein that is a polynucleotide 
encompasses both the double-stranded form and each of two complementary single- 
stranded forms known or predicted to make up the double stranded form. Not all 
linkages in a polynucleotide need be identical. 

[0043] The following are non-limiting examples of polynucleotides: a gene or 
gene fragment, exons, introns, mRNA, tRNA, rRNA, ribozymes, cDNA, recombinant 
polynucleotides, branched polynucleotides, plasmids, vectors, isolated DNA of any 
sequence, isolated RNA of any sequence, nucleic acid probes, and primers. A 
polynucleotide may comprise modified nucleotides, such as methylated nucleotides 
and nucleotide analogs. The use of uracil as a substitute for thymine in a 
deoxyribonucleic acid is also considered an analogous form of pyrimidine. 
[0044] If present, modification to the nucleotide structure may be imparted before 
or after assembly of the polymer. The sequence of nucleotides may be interrupted by 
non-nucleotide components. A polynucleotide may be further modified after 
polymerization, such as by conjugation with a labeling component. Other types of 
modifications included in this definition are, for example, "caps", substitution of one 
or more of the naturally occurring nucleotides with an analog, internucleotide 
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modifications such as, for example, those with uncharged linkages (e.g., methyl 
phosphonates, phosphotriesters, phosphoamidates, cabamates, etc.) and with charged 
linkages (e.g., phosphorothioates, phosphorodithioates, etc.), those containing 
pendant moieties, such as, for example, proteins (e.g., nucleases, toxins, antibodies, 
signal peptides, poly-L-lysine, etc.), those with intercalators (e.g., acridine, psoralen, 
etc.), those containing chelators (e.g., metals, radioactive metals, boron, oxidative 
metals, etc), those containing alkylators, those with modified linkages (e.g., alpha 
anomeric nucleic acids, etc.), as well as unmodified forms of the polynucleotide(s). 
[0045] Further, any of the hydroxyl groups ordinarily present in the sugars may 
be replaced by phosphonate groups, phosphate groups, protected by standard 
protecting groups, or activated to prepare additional linkages to additional 
nucleotides, or may be conjugated to solid supports. The 5' and 3' terminal OH 
groups can be phosphorylated or substituted with amines or organic capping group 
moieties of from 1 to 20 carbon atoms. Other hydroxyls may also be derivatized to 
standard protecting groups. 

[0046] Polynucleotides can also contain analogous forms of ribose or 
deoxyribose sugars that are generally known in the art, including, but not limited to, 
2'-0-methyl-, 2'-0-allyl, 2'-fluoro- or 2'-azido-ribose, carbocyclic sugar analogs, a- 
anomeric sugars, epimeric sugars such as arabinose, xyloses or lyxoses, pyranose 
sugars, furanose sugars, sedoheptuloses, acyclic analogs and abasic nucleoside 
analogs such as methyl riboside. 

[0047] Although conventional sugars and bases will be used in applying the 
method of the invention, substitution of analogous forms of sugars, purines and 
pyrimidines can be advantageous in designing a final product, as can alternative 
backbone structures like a polyamide backbone. 

[0048] A polynucleotide or polynucleotide region has a certain percentage (for 
example, 80%, 85%, 90%, or 95%) of "sequence identity" to another sequence means 
that, when aligned, that percentage of bases are the same in comparing the two 
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sequences. This alignment and the percent homology or sequence identity can be 
determined using software programs known in the art, for example those described in 
Current Protocols in Molecule Biology (F.M. Ausubel et al. s eds., 1987) Supplement 
30, section 7,718, Table 7.7.1. A preferred alignment program is ALIGN Plus 
(Scientific and Educational Software, Pennsylvania), preferably using default 
parameters, which are as follows: mismatch=2; open gap=0; extend gap=2. Another 
preferred alignment program is found in the NCBI Blast alignment program, 
preferably using its default parameters. 

[0049] A polypeptide or polypeptide region has a certain percentage (for 
example, 80%, 85%, 90%, or 95%) of "sequence identity" to another sequence means 
that, when aligned, that percentage of amino acids are the same in comparing the two 
sequences. This alignment and the percent homology or sequence identity can be 
determined using homology search algorithms known in the art, for example the 
Smith- Waterman homology search algorithm (as taught in, for example, Smith and 
Waterman, Adv. Appl Math. (1981), 2:482-489), preferably using an affine gap 
search with a gap open penalty of 12 and a gap extension penalty of 2, BLOSUM 
matrix of 62. Another preferred alignment program is found in the NCBI Blast 
alignment program, preferably using its default parameters. 
[0050] A nucleotide is said to "encode" a polypeptide if, in its native state or 
when manipulated by methods well known to those skilled in the art, it can be 
transcribed and/or translated to produce the polypeptide or a fragment thereof. For 
purposes of this invention, and to avoid cumbersome referrals to complementary 
strands, the anti-sense (or complementary) strand of such a polynucleotide is also said 
to encode the sequence; that is, a polynucleotide sequence that "encodes" a 
polypeptide includes both the conventional coding strand and the complementary 
sequence (or strand). 

[0051] A "primer" is a short polynucleotide, generally with a free 3' -OH group, 
that binds to a target potentially present in a sample of interest by hybridizing with 
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the target, and thereafter promoting polymerization of a polynucleotide 
complementary to the target. 

[0052] A "probe" when used in the context of polynucleotide manipulation refers 
to a polynucleotide which is provided as a reagent to detect a target potentially 
present in a sample of interest by hybridizing with the target. Usually, a probe will 
comprise a label or a means by which a label can be attached, either before or 
subsequent to the hybridization reaction. Suitable labels include, but are not limited 
to radioisotopes, fluorochromes, chemiluminescent compounds, dyes, and enzymes. 
[0053] "Transformation" or "transfection" refers to the insertion of an exogenous 
polynucleotide into a host cell, irrespective of the method used for the insertion, for 
example, lipofection, transduction, infection or electroporation. The exogenous 
polynucleotide may be maintained as a non-integrated vector, for example, a plasmid, 
or alternatively, may be integrated into the host cell genome. 

[0054] The terms "polypeptide", "oligopeptide", "peptide" and "protein" are used 
interchangeably herein to refer to polymers of amino acids of any length. The 
polymer may be linear or branched, it may comprise modified amino acids, it may be 
interrupted by non-amino acids, and it may be assembled into a complex of more than 
one polypeptide chain. The terms also encompass an amino acid polymer that has 
been modified naturally or by intervention; for example, disulfide bond formation, 
glycosylation, lipidation, acetylation, phosphorylation, or any other manipulation or 
modification, such as conjugation with a labeling component. Also included within 
the definition are, for example, polypeptides containing one or more analogs of an 
amino acid (including, for example, unnatural amino acids, etc.), as well as other 
modifications known in the art. It is understood that, where the polypeptides of this 
invention is an antibody, the polypeptides or fragment thereof can occur as single 
chains or associated chains. 

[0055] A polypeptide "fragment" (also called a "region") of nacrein or nacrein- 
related polypeptide (or a "nacrein fragment" or "nacrein region") is a polypeptide 
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comprising an amino acid sequence of nacrein or nacrein-related polypeptide that has 
at least 5 contiguous amino acids of a sequence of nacrein, more preferably at least 10 
contiguous amino acids, more preferably at least about 15 contiguous amino acids, 
even more preferably at least about 25 contiguous amino acids, even more preferably 
at least about 30 contiguous amino acids, even more preferably at least about 40 
contiguous amino acids, most preferably at least about 50 contiguous amino acids. A 
nacrein or nacrein-related polypeptide fragment may be characterized as having any 
of the following functions: (a) ability to bind another protein, particularly a protein 
associated with gene regulation; (b) ability to elicit a humoral and/or cellular immune 
response; (c) ability to regulate (i.e., repress or induce) another gene in the pathway 
regulated by nacrein; (d) ability to elicit a characteristic associated with nacrein 
function; (e) ability to elicit calcium carbonate aggregation; (e) ability to elicit pearl 
formation; (f) ability to inhibit pearl formation. 

[0056] A "fusion polypeptide" is a polypeptide comprising regions in a different 
position than occurs in nature. The regions may normally exist in separate proteins 
and are brought together in the fusion polypeptide, or they may normally exist in the 
same protein but are placed in a new arrangement in the fusion polypeptide. 
[0057] A "vector" is a self-replicating nucleic acid molecule that transfers an 
inserted nucleic acid molecule into and/or between host cells. The term includes 
vectors that function primarily for insertion of a nucleic acid molecule into a cell, 
replication of vectors that function primarily for the replication of nucleic acid, and 
expression vectors that function for transcription and/or translation of the DNA or 
RNA. Also included are vectors that provide more than one of the above functions. 
[0058] "Expression vectors" are defined as polynucleotides which, when 
introduced into an appropriate host cell, can be transcribed and translated into a 
polypeptide(s). An "expression system" usually connotes a suitable host cell 
comprised of an expression vector that can function to yield a desired expression 
product. 
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[0059] A "host cell" includes an individual cell or cell culture which can be or 
has been a recipient for vector(s) or for incorporation of nucleic acid molecules 
and/or proteins. Host cells include progeny of a single host cell, and the progeny may 
not necessarily be completely identical (in morphology or in genomic of total DNA 
complement) to the original parent cell due to natural, accidental, or deliberate 
mutation. A host cell includes cells transfected in vivo with a polynucleotide(s) of 
this invention. 

[0060] As used herein, "expression" includes transcription and/or translation. 
[0061] A "biological sample" encompasses a variety of sample types obtained 
from an individual. The definition encompasses tissue and other liquid samples of 
biological origin, solid tissue samples such as a biopsy specimen or tissue cultures or 
cells derived therefrom, and the progeny thereof. The definition also includes 
samples that have been manipulated in any way after their procurement, such as by 
treatment with reagents, solubilization, or enrichment for certain components, such as 
proteins or polynucleotides. The term "biological sample" also includes cells in 
culture, cell supematants, cell lysates, biological fluid, and tissue samples. 
[0062] "Heterologous" means derived from (i.e., obtained from) a genotypically 
distinct entity from the rest of the entity to which it is being compared. For example, 
a polynucleotide may be placed by genetic engineering techniques into a plasmid or 
vector derived from a different source, thus becoming a heterologous polynucleotide. 
A promoter which is linked to a coding sequence with which it is not naturally linked 
is a heterologous promoter. 

[0063] An "isolated" or "purified" polynucleotide, polypeptide, antibody or cell is 
one that is substantially free of the materials with which it is associated in nature. By 
substantially free is meant at least 50%, preferably at least 70%, more preferably at 
least 80%, and even more preferably at least 90% free of the materials with which it 
is associated in nature. As used herein, an "isolated" polynucleotide or polypeptide 
also refers to recombinant polynucleotides or polypeptides, which, by virtue of origin 
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or manipulation: (1) are not associated with all or a portion of a polynucleotide or 
polypeptide with which it is associated in nature, (2) are linked to a polynucleotide or 
polypeptide other than that to which it is linked in nature, or (3) does not occur in 
nature, or (4) in the case of polypeptides arise from expression of recombinant 
polynucleotides. 

[0064] A "reagent" polynucleotide, polypeptide, or antibody, is a substance 
provided for a reaction, the substance having some known and desirable parameters 
for the reaction. A reaction mixture may also contain a "target", such as a 
polynucleotide, antibody, polypeptide, or assembly of polypeptides that the reagent is 
capable of reacting with. 

[0065] A "stable duplex" of polynucleotides, or a "stable complex" formed 
between any two or more components in a biochemical reaction, refers to a duplex or 
complex that is sufficiently long-lasting to persist between formation of the duplex or 
complex and subsequent detection, including any optional washing steps or other 
manipulation that may take place in the interim. 

[0066] As used herein, the term "agent" means a biological or chemical 
compound such as a simple or complex organic or inorganic molecule, a peptide, a 
protein, oligonucleotide, polynucleotide, carbohydrate, or lipoprotein. A vast array of 
compounds can be synthesized, for example oligomers, such as oligopeptides and 
oligonucleotides, and synthetic organic compounds based on various core structures, 
and these are also included in the term "agent". Compounds can be tested singly or 
in combination with one another. 

[0067] An "individual" can be a vertebrate or invertebrate, which includes 
mollusks such pearl oyster (for example, Pinctada margaritifera). 
[0068] An "antibody" (interchangeably used in plural form) is an 
immunoglobulin molecule capable of specific binding to a target, such as a 
polypeptide, through at least one antigen recognition site, located in the variable 
region of the immunoglobulin molecule. As used herein, the term encompasses not 



23 



only intact antibodies, but also fragments thereof (such as Fab, Fab', F(ab')2 ? Fv, 
single chain (ScFv), mutants thereof , fusion proteins, humanized antibodies, and any 
other modified configuration of the immunoglobulin molecule that comprises an 
antigen recognition site of the required specificity. 

[0069] "Immunological recognition" or "immunological reactivity" refers to the 
specific binding of a target through at least one antigen recognition site in an 
immunoglobulin or a related molecule, such as a B cell receptor or a T cell receptor. 
[0070] The term "antigen" refers to the target molecule that is specifically bound 
by an antibody through its antigen recognition site. The antigen may, but need not be 
chemically related to the immunogen that stimulated production of the antibody. The 
antigen may be polyvalent, or it may be a monovalent hapten. Examples of kinds of 
antigens that can be recognized by antibodies include polypeptides, polynucleotides, 
other antibody molecules, oligosaccharides, complex lipids, drugs, and chemicals. 
[0071] An "immunogen" is an antigen capable of stimulating production of an 
antibody when injected into a suitable host, usually a mammal. Compounds may be 
rendered immunogenic by many techniques known in the art, including crosslinking 
or conjugating with a carrier to increase valency, mixing with a mitogen to increase 
the immune response, and combining with an adjuvant to enhance presentation. 
[0072] "Microarray" and "array," as used interchangeably herein, comprise a 
surface with an array, preferably ordered array, of putative binding (e.g., by 
hybridization or polypeptide binding) sites for a biochemical sample (target) which 
often has undetermined characteristics. In a preferred embodiment, a microarray 
refers to an assembly of distinct polynucleotide or oligonucleotide probes or 
polypeptides (such as an antibody or antibody fragment) immobilized at defined 
positions on a substrate. Arrays are formed on substrates fabricated with materials 
such as paper, glass, plastic (e.g., polypropylene, nylon), polyacrylamide, 
nitrocellulose, silicon, optical fiber or any other suitable solid or semi-solid support, 
and configured in a planar (e.g., glass plates, silicon chips) or three-dimensional (e.g., 
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pins, fibers, beads, particles, microliter wells, capillaries) configuration. Probes 
forming the arrays may be attached to the substrate by any number of ways including 
(i) in situ synthesis (e.g., high-density oligonucleotide arrays) using photolithographic 
techniques (see, Fodor et al., Science (1991), 251:767-773; Pease et al., Proc. Natl 
Acad. Sci. U.S.A. (1994), 91:5022-5026; Lockhart et al., Nature Biotechnology 
(1996), 14:1675; U.S. Pat. Nos. 5,578,832; 5,556,752; and 5,510,270); (ii) 
spotting/printing at medium to low-density (e.g., cDNA probes) on glass, nylon or 
nitrocellulose (Schena et al, Science (1995), 270:467-470, DeRisi et al, Nature 
Genetics (1996), 14:457-460; Shalon et al., Genome Res. (1996), 6:639-645; and 
Schena et al., Proc. Natl. Acad. ScL U.S.A. (1995), 93:10539-11286); (iii) by masking 
(Maskos and Southern, Nuc. Acids. Res. (1992), 20:1679-1684) and (iv) by dot- 
blotting on a nylon or nitrocellulose hybridization membrane (see, e.g., Sambrook et 
al., Eds., 1989, Molecular Cloning: A Laboratory Manual, 2nd ed., Vol. 1-3, Cold 
Spring Harbor Laboratory (Cold Spring Harbor, N.Y.)). Probes may also be 
noncovalently immobilized on the substrate by hybridization to anchors, by means of 
magnetic beads, or in a fluid phase such as in microtiter wells or capillaries. The 
probe molecules are generally nucleic acids such as DNA, RNA, PNA, and cDNA, 
proteins, polypeptides, oligosaccharides, cells, tissues and any permutations thereof 
which can specifically bind the target molecules. 

General T echniques 

[0073] The practice of the present invention will employ, unless otherwise 
indicated, conventional techniques of molecular biology (including recombinant 
techniques), microbiology, cell biology, biochemistry and immunology, which are 
within the skill of the art. Such techniques are explained folly in the literature, such 
as: "Molecular Cloning: A Laboratory Manual", second edition (Sambrook et al, 
1989); "Oligonucleotide Synthesis" (M.J. Gait, ed., 1984); "Animal Cell Culture" 
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(RJ. Freshney, ed., 1987); "Methods in Enzymology" (Academic Press, Inc.); 
"Handbook of Experimental Immunology" (D.M. Wei & C.C. Blackwell, eds.); 
"Gene Transfer Vectors for Mammalian Cells" (J.M. Miller & M.P. Calos, eds., 
1987); "Current Protocols in Molecular Biology" (F.M. Ausubel et aL, eds., 1987); 
"PCR: The Polymerase Chain Reaction", (Mullis et al., eds., 1994); "Current 
Protocols in Immunology" (J.E. Coligan et al., eds., 1991). 

* 

Polynucleotides of the invention 

* 

[0074] The present invention provides nacre polynucleotides, in particular those 
comprising sequences from (related to) the nacre gene of Pinctada margaritifera, 
including polynucleotides with sequences of various percent identities in relation to 
the sequence of SEQ ID NO:l as described herein. These polynucleotides include 
polynucleotides encoding polypeptide sequences of nacrein, in particular nacrein of 
Pinctada margaritifera. The invention further provides vectors containing these 
polynucleotides, host cells containing these polynucleotides, and compositions 
comprising these polynucleotides. These polynucleotides are isolated and/or 
produced by chemical and/or recombinant methods, or a combination of these 
methods. Unless specifically stated otherwise, the term "polynucleotides" shall 
include all embodiments of the polynucleotides of this invention. 
[0075] The polynucleotides of this invention are useful as probes, primers, in 
expression systems, and in screening systems. Especially useful applications of the 
polynucleotides will be discussed below. 

[0076] The cloning of a polynucleotide of the Pinctada margaritifera nacre gene 
is described in Example 1 . A comparison between cDNA sequences from the nacre 
gene of Pinctada margaritifera (SEQ ID NO:l) and Pinctada maxima (SEQ ID 
NO:2) was performed using the NCBI BLAST program, using default parameters.. 
This analysis indicated several regions of homology. The BLAST alignment 
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indicated 89% identity between regions including nucleotides 1083-1869 of SEQ ID 
NO: 1 and nucleotides 917-1 706 of SEQ ID NO:2, 83% identity between regions 
including nucleotides 236-1328 of SEQ ID NO:l and nucleotides 190-1247 of SEQ 
ID NO:2, 90% identity between regions including nucleotides 35-183 of SEQ ID 
NO:2 and nucleotides 1-183 of SEQ ID NO:2, 78% identity between regions 
including nucleotides 1224-1373 of SEQ ID NO:l and nucleotides 851-994 of SEQ 
ID NO:2, 79% identity between regions including nucleotides 1337-1425 of SEQ ID 
NO:l and nucleotides 748-836 of SEQ ID NO:2, 77% identity between regions 
including nucleotides 1254-1373 of SEQ ID NO:l and nucleotides 731-853 of SEQ 
ID NO:2, 94% identity between regions including nucleotides 41-75 of SEQ ID NO:l 
and 1721-1721 of SEQ ID NO:2, 75% identity between regions including nucleotides 
1254-1430 of SEQ ID NO:l and nucleotides 758-931 of SEQ ID NO:2, and 85% 
identity between regions including nucleotides 1338-1377 of SEQ ID NO:l and 
nucleotides 731-770 of SEQ ID NO:2. A comparison between cDNA sequences 
from the nacre gene oiPinctada margaritifera(SEQ ID NO:l) and Pinctada fucata 
(SEQ ID NO:3) was also performed using the NCBI BLAST program, using default 
parameters.. This analysis indicated several regions of homology. The BLAST 
alignment indicated 78% identity between regions including nucleotides 1515-1814 
of SEQ ID NO:l and nucleotides 1015-1314 of SEQ ID NO:3, 75% identity between 
regions including nucleotides 349-585 of SEQ ID NO:l and nucleotides 31 1-563 of 
SEQ ID NO:3, 73% identity between regions including nucleotides 653-970 of SEQ 
ID NO.T and nucleotides 618-956 of SEQ ID NO:3, 74% identity between regions 
including nucleotides 769-986 of SEQ ID NO:l and nucleotides 767-990 of SEQ ID 
NO:3, 75% identity between regions including nucleotides 909-1 106 of SEQ ID 
NO: 1 and nucleotides 787-990 of SEQ ID NO:3, 81% identity between regions 
including nucleotides 255-319 of SEQ ID NO:l and nucleotides 214-278 of SEQ ID 
NO:3, 73% identity between regions including nucleotides 960-1 130 of SEQ ID 
NO:l and nucleotides 748-927 of SEQ ID NO:3, and 81% identity between regions 
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including nucleotides 1341-1388 of SEQ ID NO:l and nucleotides 868-927 of SEQ 
IDNO:3. 

[0077] In one embodiment, the invention provides polypeptides comprising the 
sequence depicted as amino acids 81-194 or 520-609 of SEQ ID NO:4. The 
invention further provides polypeptides comprising amino acid sequences with at 
least 50%, more preferably at least 60%, even more preferably at least 70%, still 
more preferably at least 80%, and most preferably at least 90% identity to the 
sequence of amino acids 81-194 or 520-609- of SEQ ID NO:4. The invention also 
provide fragments of the polypeptides, said fragments comprising at least 5, 10, 15, 
20 or 30 contiguous nucleotides depicted in the sequence from amino acid 81-194 or 
520-609 of SEQ ID NO:4. The invention also provide polynucleotides comprising a 
sequence encoding these polypeptides. 

[0078] The invention includes modifications to the nacre polynucleotides 
described above such as deletions, substitutions, additions, or changes in the nature of 
any nucleic acid moieties. A "modification" is any difference in nucleotide sequence 
as compared to a polynucleotide shown herein to encode a nacrein or nacrein-related 
polypeptide, and/or any difference in terms of the nucleic acid moieties of the 
polynucleotide(s). Such changes can be useful to facilitate cloning and modifying 
expression of nacre polynucleotides. Such changes also can be useful for conferring 
desirable properties to the polynucleotide(s), such as stability. The definition of 
polynucleotide provided herein gives examples of these modifications. Hence, the 
invention also includes functionally-preserved variants of the nucleic acid sequences 
disclosed herein, which include nucleic acid substitutions, additions, and/or deletions. 
[0079] The invention encompasses nacre polynucleotides including full-length 
(unprocessed), processed, coding, non-coding or portions thereof, provided that these 
polynucleotides contain a region encoding at least a portion of nacrein, in particular 
nacrein of Pinctada margaritifera. Also embodied are the mRNA and cDNA 
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sequences and fragments thereof that include a portion encoding a nacrein or nacrein- 
related polypeptide segment as described herein. 

[0080] The invention also encompasses polynucleotides encoding for functionally 
equivalent variants and derivatives of nacrein and nacrein-related polypeptides (in 
particular those derived from Pinctada margaritiferd) and functionally equivalent 
fragments thereof which may enhance, decrease or not significantly affect properties 
of the polypeptides encoded thereby, provided that these functionally equivalent 
variants do not have the same amino acid sequence as depicted in SEQ ID NO:5 and 
6. For instance, changes in a DNA sequence that do not change the encoded amino 
acid sequence, as well as those that result in conservative substitutions of amino acid 
residues, non-deleterious non-conservative substitutions, one or a few amino acid 
deletions or additions, and substitution of amino acid residues by amino acid analogs 
are those which will not significantly affect properties of the encoded polypeptide. 
Nucleotide substitutions that do not alter the amino acid residues encoded can be 
useful for optimizing gene expression in different systems. Suitable substitutions are 
known to those of skill in the art and are made, for instance, to reflect preferred codon 
usage in the particular expression systems. In another example, alternatively spliced 
polynucleotides can give rise to a functionally equivalent fragment or variant of 
Pinctada margaritifera nacrein or nacrein-related polypeptide. Alternatively 
processed polynucleotide sequence variants are defined as polynucleotide sequences 
corresponding to mRNAs that differ in sequence from one another but are derived 
from the same genomic region, for example, mRNAs that result from: 1) the use of 
alternative promoters; 2) the use of alternative polyadenylation sites; or 3) the use of 
alternative splice sites. 

[0081] The nacre polynucleotides of the invention also include polynucleotides 
encoding fragments of nacrein or nacrein-related polypeptides, in particular those of 
Pinctada margaritifera. The polynucleotides encoding nacrein or nacrein-related 
polypeptide fragments are useful, for example, as probes, therapeutic agents, and as a 
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template for encoding various functional and/or binding domains of nacrein, in 
particular nacrein of Pinctada margaritifera. Accordingly, the invention includes a 
polynucleotide that comprises a region of at least 10 contiguous nucleotides, 
preferably at least about 15 contiguous nucleotides, more preferably at least about 20 
contiguous nucleotides, more preferably at least about 25 contiguous nucleotides, 
more preferably at least about 35 contiguous nucleotides, more preferably at least 
about 50 contiguous nucleotides, even more preferably at least about 75 contiguous 
nucleotides, even more preferably at least about 100 contiguous nucleotides, even 
more preferably at least about 200 contiguous nucleotides, even more preferably at 
least about 300 contiguous nucleotides. 

[0082] In terms of hybridization conditions, the higher the sequence identity 
required, the more stringent are the hybridization conditions if such sequences are 
determined by their ability to hybridize to a sequence of SEQ ID NO: 1 . Accordingly, 
the invention also includes polynucleotides that are able to hybridize to a sequence 
comprising at least 20 contiguous nucleotides (or more, such as at least 25, 35, 40, 45, 
50, 60, 75 or 100 contiguous nucleotides) of SEQ ID NO:l. The invention also 
provides polynucleotides that selectively hybridize to the sequence depicted in SEQ 
ID NO: 1, relative to a known polynucleotide. The hybridization conditions can be 
stringent, for example, about 80°C (or higher temperature) and 6M SSC (or less 
concentrated SSC), or moderately stringent, for example, about 60°C (or higher, but 
less than about 80°C) and 8M SSC (or less concentrated, but more concentrated than 
6M). For discussion regarding hybridization reactions, see below. 
[0083] Hybridization reactions can be performed under conditions of different 
"stringency". Conditions that increase stringency of a hybridization reaction are 
widely known and published in the art. See, for example, Sambrook et al. (1989). 
Examples of relevant conditions include (in order of increasing stringency): 
incubation temperatures of 25°C, 37°C, 50°C and 68°C; buffer concentrations of 10 
X SSC, 6 X SSC, 1 X SSC, 0.1 X SSC (where SSC is 0.15 M NaCl and 15 mM 
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citrate buffer) and their equivalents using other buffer systems; formamide 
concentrations of 0%, 25%, 50%, and 75%; incubation times from 5 minutes to 24 
hours; 1, 2, or more washing steps; wash incubation times of 1, 2, or 15 minutes; and 
wash solutions of 6 X SSC, 1 X SSC, 0.1 X SSC, or deionized water. 
[0084] "T m " is the temperature in degrees Centigrade at which 50% of a 
polynucleotide duplex made of complementary strands hydrogen bonded in anti- 
parallel direction by Watson-Crick base pairing dissociates into single strands under 
conditions of the experiment. T m may be predicted according to a standard formula, 
such as: 

T m - 81.5 + 16.6 log[X + ] + 0.41 (%G/C) - 0.61 (%F) - 600/L 
where [X + ] is the cation concentration (usually sodium ion, Na + ) in 
mol/L; (%G/C) is the number of G and C residues as a percentage of total residues in 
the duplex; (%F) is the percent formamide in solution (wt/vol); and L is the number 
of nucleotides in each strand of the duplex. 

[0085] Compositions containing nacre polynucleotides are encompassed by this 
invention. The invention also provides compositions comprising a vector(s) 
containing a nacre polynucleotide as well as compositions comprising a host cell 
containing a nacre polynucleotide, as described herein. When these compositions are 
to be used pharmaceutically, they can be combined with a pharmaceutically 
acceptable excipient. Examples of pharmaceutically acceptable excipients are known 
in the art. When these compositions are to be used for detection, they are combined 
with a suitable substance such as a buffer, and they contain an amount effective to 
allow detection. 

Preparation of nacre polynucleotides 

[0086] The polynucleotides of this invention can be obtained using chemical 
synthesis, recombinant methods, or PCR. 
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[0087] Methods of chemical polynucleotide synthesis are well known in the art 
and need not be described in detail herein. One of skill in the art can use the 
sequences provided herein and a commercial DNA synthesizer to produce a desired 
DNA sequence. 

[0088] For preparing nacre polynucleotides using recombinant methods, a 
polynucleotide comprising a desired sequence can be inserted into a suitable vector, 
and the vector in turn can be introduced into a suitable host cell for replication and 
amplification. Polynucleotides may be inserted into host cells by any means known 
in the art. Cells are transformed by introducing an exogenous polynucleotide by 
direct uptake, endocytosis, transfection, F-mating or electroporation. Once 
introduced, the exogenous polynucleotide can be maintained within the cell as a non- 
integrated vector (such as a plasmid) or integrated into the host cell genome. The 
polynucleotide so amplified can be isolated from the host cell by methods well 
known within the art. See, e.g., Sambrook et al. (1989). 
[0089] Alternatively, PCR allows reproduction of DNA sequences. PCR 
technology is well known in the art and is described in U.S. Pat. Nos. 4,683,195, 
4,800,159, 4,754,065 and 4,683,202, as well as PCR: The Polymerase Chain 
Reaction, Mullis et al. eds., Birkauswer Press, Boston (1994). 
[0090] RNA can be obtained by using the isolated DNA in an appropriate vector 
and inserting it into a suitable host cell. When the cell replicates and the DNA is 
transcribed into RNA, the RNA can then be isolated using methods well known to 
those of skill in the art, as set forth in Sambrook et al., (1989), for example. 

Cloning and expression vectors comprising a nacre polynucleotide 

[0091] The present invention further includes a variety of vectors (i.e., cloning 
and expression vectors) having cloned therein nacre polynucleotide(s). These vectors 
can be used for expression of recombinant polypeptides as well as a source of nacre 
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polynucleotides. Cloning vectors can be used to obtain replicate copies of the nacre 
polynucleotides they contain, or as a means of storing the polynucleotides in a 
depository for future recovery. Expression vectors (and host cells containing these 
expression vectors) can be used to obtain polypeptides produced from the 
polynucleotides they contain. They may also be used where it is desirable to express 
nacrein or nacrein-related polypeptides, in particular those of Pinctada margaritifera, 
in an individual, such as for eliciting pearl formation or for blocking pearl formation 
through inhibiting (such as by an antisense polynucleotide) a process(es) involved in 
pearl formation. Suitable cloning and expression vectors include any known in the 
art, e.g., those for use in bacterial, mammalian, yeast, insect and other expression 
systems. Specific vectors and suitable host cells are known in the art and need not be 
described in detail herein. For example, see Gacesa and Ramji, Vectors, John Wiley 
& Sons (1994). 

[0092] Cloning and expression vectors typically contain a selectable marker (for 
example, a gene encoding a protein necessary for the survival or growth of a host cell 
transformed with the vector), although such a marker gene can be carried on another 
polynucleotide sequence co-introduced into the host cell. Only those host cells into 
which a selectable gene has been introduced will survive and/or grow under selective 
conditions. Typical selection genes encode protein(s) that (a) confer resistance to 
antibiotics or other toxins substances, e.g., ampicillin, neomycyin, methotrexate, etc.; 
(b) complement auxotrophic deficiencies; or (c) supply critical nutrients not available 
from complex media. The choice of the proper marker gene will depend on the host 
cell, and appropriate genes for different hosts are known in the art. Cloning and 
expression vectors also typically contain a replication system recognized by the host. 
[0093] Suitable cloning vectors may be constructed according to standard 
techniques, or may be selected from a large number of cloning vectors available in 
the art. While the cloning vector selected may vary according to the host cell 
intended to be used, useful cloning vectors will generally have the ability to self- 
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replicate, may possess a single target for a particular restriction endonuclease, and/or 
may carry genes for a marker that can be used in selecting clones containing the 
vector. Suitable examples include plasmids and bacterial viruses, e.g., pUC18, 
pUC19, Bluescript (e.g., pBS SK+) and its derivatives, mpl8, mpl9, pBR322, pMB9, 
ColEl, pCRl, RP4, phage DNAs, and shuttle vectors such as pSA3 and pAT28. 
These and many other cloning vectors are available from commercial vendors such as 
Stratagem, and Invitrogen. The Examples provided herein also provide examples of 
cloning vectors. 

[0094] Expression vectors generally are replicable polynucleotide constructs that 
contain a polynucleotide encoding a nacrein or nacrein-related polypeptide of 
interest. The polynucleotide encoding a nacrein or nacrein-related polypeptide is 
operatively linked to suitable transcriptional controlling elements, such as promoters, 
enhancers and terminators. For expression (i.e., translation), one or more 
translational controlling elements are also usually required, such as ribosome binding 
sites, translation initiation sites, and stop codons. These controlling elements 
(transcriptional and translational) may be derived from nacre polynucleotides (i.e., 
the nacre gene of Pinctada margaritifera), or they may be heterologous (i.e., derived 
from other genes and/or other organisms). A polynucleotide sequence encoding a 
signal peptide can also be included to allow a nacrein or nacrein-related polypeptide 
to cross and/or lodge in cell membranes or be secreted from the cell. A number of 
expression vectors suitable for expression in eukaryotic cells including yeast, avian, 
fish and mammalian cells are known in the art. 

[0095] The vectors containing the polynucleotides of interest can be introduced 
into the host cell by any of a number of appropriate means, including electroporation, 
transfection employing calcium chloride, rubidium chloride, calcium phosphate, 
DEAE-dextran, or other substances; microprojectile bombardment; lipofection; and 
infection (where the vector is an infectious agent, such as vaccinia virus). The choice 
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of means of introducing vectors or nacre polynucleotides will often depend on the 
host cell. 

Host cells transformed with polynucleotides of the invention 

[0096] Another embodiment of this invention are host cells transformed with 
(i.e., comprising) nacre polynucleotides and/or vectors having nacre 
polynucleotide(s) sequences, as described above. Both prokaryotic and eukaryotic 
host cells may be used. Prokaryotic hosts include bacterial cells, for example E. coli, 
B. subtilis and mycobacteria. E. coli cells are particularly useful for producing 
nacrein or nacrein-related polypeptides. See, for e.g., Komachi et al. (1994) Genes 
Dev. 8: 2857-2867. Among eukaryotic hosts are yeast, insect, avian, plant and 
mammalian cells. Host systems are known in the art and need not be described in 
detail herein. Examples of fungi (including yeast) host cells are S. cerevisiae, 
Kluyveromyces lactis (K. lactis), species of Candida including C. albicans and C. 
glabrata, C. maltosa, C. utilis f C. stellatoidea, C parapsilosis, C. tropicalus, 
Neurospora crassa, Aspergillus nidulans, Schizosaccharomyces pombe (S. pontbe), 
Pichia pastoris, and Yarowia lipolytica. 

[0097] The host cells of this invention can be used, inter alia, as repositories of 
nacre polynucleotides and/or vehicles for production of nacre polynucleotides and/or 
nacrein or nacrein-related polypeptides. 

Uses for and methods using polynucleotides of the invention 

[0098] The polynucleotides of this invention have several uses. Nacre 
polynucleotides are useful, for example, in expression systems for the recombinant 
production of nacre polynucleotides or fragments thereof. They are also useful as 
hybridization probes to assay for the presence of nacre polynucleotide (or related) 
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sequences in a sample using methods well known to those in the art. Further, nacre 
polynucleotides are also useful as primers to effect amplification of desired 
polynucleotides. The nacre polynucleotides of this invention may also be useful as 
transgenes or antisense polynucleotides. 

[0099] Nacre polynucleotides of this invention can be used as primers for 
amplification of polynucleotides encoding nacre polynucleotides and fragments 
thereof, such as in a polymerase chain reaction (PCR). PCR has been described 
above. The conditions for carrying out PCR reactions depend on the specificity 
desired, which in turn can be adjusted by the primer used and the reaction conditions. 
Such adjustments are known in the art and need not be discussed in detail herein. 
[01 00] The nacre polynucleotides of this invention can be used in expression 
systems to produce nacrein or nacrein-related polypeptides or recombinant forms of 
nacrein or nacrein-related polypeptides, which have enhanced, equivalent, or 
different, desirable properties. These recombinant forms are made by using routine 
methods in the art. Examples of recombinant forms of nacrein or nacrein-related 
polypeptides include, but are not limited to, fusion proteins. Fusion proteins may be 
used to regulate the expression of other genes in pearl oysters, such as Pinctada 
margaritifera and related oyster species. Fusion proteins may also facilitate 
purification. 

[0101] Nacre polynucleotides may also be used in screening methods, as 
described herein. Further, nacre polynucleotides may be used to obtain other genes 
and gene products regulated by nacrein or otherwise involved in a nacrein pathway, 
as described herein. 

Polypeptides of the invention 

[0102] The present invention encompasses nacrein and nacrein-related polypeptide 
sequences. The amino acid sequence of the longest open reading frame predicted from 
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the nucleotide sequence depicted in SEQ ID NO:l is represented in SEQ ID NO:4. The 
polypeptides of the invention may comprise any novel region (i.e., not disclosed in the 
public domain as of the filing date of this application) of SEQ ID NO: 4. The nacrein 
and nacrein-related polypeptides of this invention are identified and characterized by 
any of the following criteria: (a) ability to serve as an organic matrix for aggregation of 
calcium carbonate; (b) ability to facilitate pearl formation; (c) possess at least one of the 
characteristics that are desired in powdered pearl; and/or (d) ability to reduce pearl 
formation. Unless specifically stated, the term "polypeptide(s)" shall include all 
polypeptide embodiments of this invention. 

[0103] The polypeptides have a variety of uses, including their use in making 
antibodies that bind to these polypeptides, their use as pharmaceuticals, their use in 
rational (i.e., structure-based) drug design, their use in isolating other gene(s) and 
gene product(s) that are regulated by nacrein, their use in cosmetical compositions 
(including for skin treatment and plastic surgery). The nacrein and nacrein-related 
polypeptides, in particular those comprising a polypeptide comprising the sequence, 
or portion thereof, depicted as amino acids 81-194 or 520-609 of SEQ ID NO:4. can 
be used as a basis for developing agents that affect the pearl formation process. As 
this sequence is highly homologous to carbonic anhydrase, polypeptides comprising 
sequences with a sufficient level of identity to the sequence from amino acid 81-194 
or 520-609 of SEQ ID NO:4 can be developed as enhancers or blockers of carbonic 
anhydrase activity. 

[0104] The predicted amino acid sequences for nacrein of Pinctada margaritifera 
(SEQ ID NO:4) and Pinctada maxima (SEQ ID NO:5) were compared with the NCBI 
BLAST program, using default parameters. . This analysis indicated two regions of 
homology. The BLAST alignment indicated 54% identity between amino acids 20- 
197 of SEQ ID NO:4 and amino acids 15-233 of SEQ ID NO:5, and 79% identity 
between amino acids 490-609 of SEQ ID NO:4 and amino acids 328-445 of SEQ ID 
NO: 5. The predicted amino acid sequences for nacrein of Pinctada margaritifera (SEQ 
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ID N0:4) and Pinctada fucata (SEQ ID N0:6) were also compared with the NCBI 
BLAST program, using default parameters. As with the comparison with Pinctada 
maxima, above, the BLAST analysis indicated two regions of homology between the 
sequences of Pinctada margaritifera and Pinctada fucata. The BLAST alignment 
indicated 64% identity between amino acids 1-238 of SEQ ID NO:4 and 1-236 of SEQ 
ID NO:6, and 91% identity between amino acids 467-61 1 of SEQ ID NO:4 and amino 
acids 424-568 of SEQ ID NO:6. 

[0105] The size of the nacrein or nacrein-related polypeptide fragments may vary 
widely, as the length required to effect activity could be as small as, for example, a 5- 
mer amino acid sequence to elicit an immune response, or a 30-mer to 40-mer amino 
acid sequence to effect binding to an antibody. The maximum length generally is not 
detrimental to effecting activity. The minimum size must be sufficient to provide a 
desired function. As is evident to one skilled in the art, these nacrein and nacrein-related 
polypeptides, regardless of their size, may also be associated with, or conjugated with, 
other substances or agents to facilitate, enhance, or modulate function and/or specificity 
of a nacrein or nacrein-related polypeptide. 

[0106] The invention includes modifications to nacrein and nacrein-related 
polypeptides including functionally equivalent fragments of the nacrein polypeptides 
(for example, from another species, such as Pinctada maxima and/ 'or Pinctada fucata) 
which do not significantly affect their properties and variants which have enhanced or 
decreased activity, provided that these sequences are different from those depicted in 
SEQ ID NOs:5 and 6. Modification of polypeptides is routine practice in the art and 
need not be described in detail herein. Examples of modified polypeptides include 
polypeptides with conservative substitutions of amino acid residues, one or more 
deletions or additions of amino acids which do not significantly deleteriously change 
the functional activity, or use of chemical analogs. Amino acid residues which can be 
conservatively substituted for one another include but are not limited to: 
glycine/alanine; valine/isoleucine/leucine; asparagine/glutamine; aspartic 
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acid/glutamic acid; serine/threonine; lysine/arginine; and phenylalanine/tryosine. 
These polypeptides also include glycosylated and nonglycosylated polypeptides, as 
well as polypeptides with other post-translational modifications, such as, for example, 
glycosylation with different sugars, acetylation, and phosphorylation* Preferably, the 
amino acid substitutions would be conservative, i.e., the substituted amino acid would 
possess similar chemical properties as that of the original amino acid. Such 
conservative substitutions are known in the art, and examples have been provided 
above. Amino acid modifications can range from changing or modifying one or more 
amino acids to complete redesign of a region, such as the variable region. Changes in 
the variable region can alter binding affinity and/or specificity. Other methods of 
modification include using coupling techniques known in the art, including, but not 
limited to, enzymatic means, oxidative substitution and chelation. Modifications can 
be used, for example, for attachment of labels for immunoassay, such as the 
attachment of radioactive moieties for radioimmunoassay. Modified nacrein and 
nacrein-related polypeptides are made using established procedures in the art and can 
be screened using standard assays known in the art. 

[0107] The invention also encompasses fusion proteins comprising one or more 
nacrein and/or nacrein-related polypeptides. For purposes of this invention, a nacrein 
fusion protein contains one or more nacrein and/or nacrein-related polypeptides and 
another amino acid sequence to which it is not attached in the native molecule, for 
example, a heterologous sequence or a homologous sequence from another region or 
from the nacrein protein of another species of pearl oyster (such as Pinctada maxima 
and Pinctada fucata). Useful heterologous sequences include, but are not limited to, 
sequences that provide for secretion from a host cell, or facilitate the coupling of the 
polypeptide to an immunoassay support. For instance, a useful heterologous 
sequence is one which facilitates purification. Examples of such sequences are 
known in the art and include those encoding epitopes such as Myc ? HA (derived from 
influenza virus hemagglutinin), His-6, or FLAG. Other heterologous sequences that 
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facilitate purification are derived from proteins such as glutathione S-transferase 
(GST), maltose-binding protein (MBP), or the Fc portion of immunoglobulin. 
[0108] The invention also encompasses polymeric forms of nacrein and nacrein- 
related polypeptides. As used herein, a polymeric form of a nacrein or nacrein-related 
polypeptide contains a plurality (i.e., more than one) of nacrein and/or nacrein-related 
polypeptides. In one embodiment, linear polymers of nacrein and/or nacrein-related 
polypeptides are provided. These nacrein and/or nacrein-related linear polymers may be 
conjugated to carrier. These linear polymers can comprise multiple copies of a single 
nacrein or nacrein-related polypeptide, or combinations of different nacrein and/or 
nacrein-related polypeptides, and can have tandem nacrein and/or nacrein-related 
polypeptides, or nacrein and/or nacrein-related polypeptides separated by other amino 
acid sequences. These linear polymers can be made using standard recombinant 
methods well known in the art. In another embodiment, nacrein multiple antigen 
peptides (Maps) are provided. Maps have a small immunologically inert core having 
radically branching lysine dendrites, onto which a number of nacrein and/or nacrein- 
related polypeptides can be anchored (i.e., covalently attached). Posnett et al. (1988) J. 
Biol Chem. 263:1719-1725; Tarn (1989) Meth. Enz. 168:7-15. The result is a large 
macromolecule having a high molar ratio of nacrein and/or nacrein-related polypeptides 
to core. Maps are useful, efficient immunogens as well as useful antigens for assays 
such as ELIS A. Nacrein or nacrein-related maps can be made synthetically and can be 
obtained commercially (Quality Controlled Biochemicals, Inc. Hopkinton, MA). In a 
typical MAP system, a core matrix is made up of three levels of lysine and eight amino 
acids for anchoring nacrein and/or nacrein-related polypeptides. The MAP may be 
synthesized by any method known in the art, for example, a solid-phase method, for 
example, R.B. Merrifield (1963) J. Am. Chem. Soc. 85:2149. 
[0109] In another embodiment, nacrein and/or nacrein-related polypeptides can 
be conjugated with carrier or label. For example, in instances where the nacrein 
and/or nacrein-related polypeptide is correctly configured so as to provide a binding 
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site, but is too small to be immunogenic, the polypeptide may be linked to a suitable 
carrier. A number of techniques for obtaining such linkage are known in the art. Any 
carrier can be used which does not itself induce the production of antibodies harmful 
to the host. Suitable carriers are typically large, slowly metabolized macromolecules 
such as proteins; polysaccharides, such as latex functionalized sepharose, agarose, 
cellulose, cellulose beads and the like; polymeric amino acids, such as polyglutamic 
acid, polylysine, and the like; amino acid copolymers; and inactive virus particles or 
attenuated bacteria, such as Salmonella. Especially useful protein substrates are 
serum albumins, keyhole limpet hemacyanin, immunoglobulin molecules, 
thyroglobulin, ovalbumin, tetanus toxoid, and other proteins well known to those of 
skill in the art. Labels are known in the art and are described herein. 
[0110] Nacrein and nacrein-related polypeptides of the invention can be 
identified and/or characterized in a number of ways. For example, a nacrein and/or 
nacrein-related polypeptide can be tested for its ability to bind to, for instance, 
another protein (such as an antibody or a protein associated with gene regulation by 
interacting with full-length nacrein, in particular nacrein of Pinctada margaritifera), 
or an inorganic material such as calcium compounds, in particular calcium carbonate. 
A nacrein or nacrein-related polypeptide may also be tested for its ability to elicit or 
inhibit one or more characteristics associated with nacrein function, such as functions 
related to pearl formation. It is understood that only one of these properties need be 
present in order for a polypeptide to come within this invention, although more than 
one of these properties may be present. Screening such polypeptides is well within 
the skill of the art. 

[01 1 1] The ability of a nacrein and nacrein-related polypeptide to bind (i.e., 
interact with) another protein can be assessed using standard techniques in the art. 
Binding of a nacrein or nacrein-related polypeptide to an antibody may be assessed, 
for example, by RIA (i.e., by reacting radiolabeled nacrein or nacrein-related 
polypeptide with an antibody that is coated on microtiter plates). In another 
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procedure, binding to an antibody is determined by competitive immunoassay. For 
example, a fragment is tested for its ability to interfere with the binding between the 
antibody and another polypeptide known to bind to the antibody. This assay may be 
conducted by labeling one of the components (i.e., antibody or polypeptide known to 
bind to the antibody), and optionally immobilizing the other member of the binding 
pair on a solid support for ease of separation. The test fragment is incubated with 
labeled region, and then the mixture is presented to the immobilized target to 
determine if the test fragment is able to inhibit binding. 

[01 12] In the case of testing whether the nacrein or nacrein-related polypeptide 
binds to another protein, for instance, a protein known to be involved in the pearl 
formation pathway, or a protein known to bind to nacrein, assays to detect binding are 
known in the art and need not be described in detail herein. For instance, a protein is 
immobilized on a suitable column. Extracts or solutions containing the test nacrein or 
nacrein-related polypeptide are then run through the column, and a determination is 
made whether the nacrein or nacrein-related polypeptide was retained on the column. 
Conversely, the nacrein or nacrein-related polypeptides can be immobilized on a 
column and cell extracts or lysates are allowed to run through the column. 
[01 13] For characterizing a nacrein or nacrein-related polypeptide for its ability to 
bind to an inorganic compound, such as calcium carbonate, formation of a complex of 
nacrein or nacrein-related and an inorganic compound can be assessed visually and/or 
using assays known in the art. 

[0114] Compositions containing nacrein and/or nacrein polypeptides are 
encompassed by this invention. When these compositions are to be used 
pharmaceutically, they are combined with a pharmaceutically acceptable excipient. 
Examples of pharmaceutically acceptable excipients are known in the art. When 
these compositions are to be used for detection, they are combined with a suitable 
substance such as a buffer, and they contain an amount effective to allow detection. 



42 



When these compositions are to be used cosmetically, they are combined with a 
suitable cosmetic additive. 

Preparation of polypeptides of this invention 

[01 1 5] The polypeptides of this invention can be made by procedures known in 
the art. The polypeptides can be produced by recombinant methods (i.e., single or 
fusion polypeptides) or by chemical synthesis. Polypeptides, especially shorter 
polypeptides up to about 50 amino acids, are conveniently made by chemical 
synthesis. Methods of chemical synthesis are known in the art and are commercially 
available. For example, a polypeptide could be produced by an automated 
polypeptide synthesizer employing the solid phase method. Polypeptides can also be 
made by chemical synthesis using techniques known in the art. 
[0116] Polypeptides can also be made by expression systems, using recombinant 
methods. The availability of polynucleotides encoding polypeptides permits the 
construction of expression vectors encoding intact (i.e., native) polypeptide, 
functionally equivalent fragments thereof, or recombinant forms. A polynucleotide 
encoding the desired polypeptide, whether in fused or mature form, and whether or 
not containing a signal sequence to permit secretion, may be ligated into expression 
vectors suitable for any convenient host. Both eukaryotic and prokaryotic host 
systems can be used. The polypeptide is then isolated from lysed cells or from the 
culture medium and purified to the extent needed for its intended use. Purification or 
isolation of the polypeptides expressed in host systems can be accomplished by any 
method known in the art. For example, cDNA encoding a polypeptide intact or a 
fragment thereof can be operatively linked to a suitable promoter, inserted into an 
expression vector, and transfected into a suitable host cell. The host cell is then 
cultured under conditions that allow transcription and translation to occur, and the 
desired polypeptide is recovered. Other controlling transcription or translation 
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segments, such as signal sequences that direct the polypeptide to a specific cell 
compartment (i.e., for secretion), can also be used. Examples of prokaryotic host 
cells are known in the art and include, for example, E. coli and B. subtilis. Examples 
of eukaryotic host cells are known in the art and include yeast, avian, insect, plant, 
and animal cells such as COS7, HeLa, CHO and other mammalian cells. 
[01 1 7] When using an expression system to produce nacrein or nacrein-related 
polypeptides, it is often preferable to construct a fusion protein that facilitates 
purification. Examples of components for these fusion proteins include, but are not 
limited to myc, HA, FLAG, His-6, glutathione S-transferease, maltose binding 
protein or the Fc portion of immunoglobulin. These methods are known in the art. 
[0118] Preferably, especially if used for pharmaceutical, or cosmetic purposes, 
the polypeptides are at least partially purified or isolated from other cellular 
constituents. Preferably, the polypeptides are at least 50% pure. In this context, 
purity is calculated as a weight percent of the total protein content of the preparation. 
More preferably, the proteins are 50-75% pure. More highly purified polypeptides 
may also be obtained and are encompassed by the present invention. For surgical 
(clinical) use, the polypeptides are preferably highly purified, at least about 80% 
pure, and free of pyrogens and other contaminants. Methods of protein purification 
are known in the art. 

Uses of polypeptides 

[01 19] The polypeptides of this invention have a variety of uses. They may be 
used, for example, to raise antibodies in a suitable host, which may be rabbit, mouse, rat, 
goat, or human, as non-inclusive examples. It is possible that such antibodies, when 
administered to an organism expressing nacrein would modulate the amount of nacrein 
present in the individual, and thus modulate pearl formation. The polypeptides of this 
invention may be useful in pharmaceutical applications, such as in therapeutic and/or 
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prophylactic compositions. The polypeptides may also be useful cosmetically. They 
may also be used clinically, such as in plastic surgery. Accordingly, the invention 
provides compositions comprising nacrein and nacrein-related polypeptides, said 
compositions capable of eliciting a desired effect in an individual when administered in 
an effective amount. In this context, an "effective amount" is an amount sufficient to 
elicit a desired effect response, and an effective amount may be administered in one or 
more administrations. 

[0120] Nacrein and nacrein-related polypeptides may also be used an agent to 
screen pharmaceutical candidates (both in vitro and in vivo), for rational (i.e., 
structure-based) drug design, as well as possible therapeutic uses as described above. 
The nacrein and nacrein-related polypeptides may also be used to identify 
polypeptides, especially those from pearl oysters that bind (or interact physically) 
with nacrein and could thus themselves be drug targets. 

Antibodies and their preparation 

[0121] Also provided by this invention are antibodies capable of specifically 
binding to nacrein and nacrein-related polypeptide(s) of this invention. The 
antibodies can be useful for, for example, screening purposes, as described more fully 
below. Antibodies of this invention can also be used for purification and/or isolation 
of polypeptides described herein. 

[0122] In one embodiment, the invention provides a purified antibody capable of 
specifically binding to a polypeptide of this invention. As noted in the definition of 
"antibody" above, this includes fragments of antibodies, such as Fab fragments. In 
another embodiment, a monoclonal antibody is provided that is capable of 
specifically binding to a polypeptide of this invention. 
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[0123] Laboratory methods for producing polyclonal antibodies and monoclonal 
antibodies, as well as deducing their corresponding nucleic acid sequences, are 
known in the art. For example, see Harlow and Lane, Antibodies; A Laboratory 
Manual, Cold Spring Harbor Laboratory, New York (1988) and Sambrook et al. 
(1989). 

[0124] The antibodies of this invention may be polyclonal or monoclonal. 
Monoclonal antibodies of this invention can be biologically produced by introducing 
a polypeptide (or fragment of a polypeptide) of this invention into an animal, e.g., 
mouse or rat . The antibody producing cells in the animal are isolated and fused with 
myeloma cells or heteromyeloma cells to produce hybrid cells or hybridomas. 
Accordingly, the invention also includes hybridoma cells producing the monoclonal 
antibodies of this invention. 

[0125] Particular isotypes of a monoclonal antibody can be prepared either 
directly by selecting from the initial fusion, or prepared secondarily, from a parental 
hybridoma secreting a monoclonal antibody of different isotype by using the sib 
selection technique to isolate class switch variants using the procedure described in 
Steplewski et al. (1985) Proc. Natl. Acad. Sci. 82:8653 or Spira et al. (1984) J. 
Immunol Methods 74:307. 

[0126] Thus, using the polypeptide(s) of this invention or fragment(s) thereof, 
and well known methods, one of skill in the art can produce and screen the 
hybridoma cells and antibodies of this invention for antibodies having the ability to 
bind polypeptide(s) of this invention. 

[0127] If a monoclonal antibody being tested binds with a nacrein or nacrein- 
related polypeptide(s) of this invention, then the antibody being tested and the 
antibodies provided by the hybridomas of this invention are equivalent. It is also 
possible to determine without undue experimentation whether an antibody has the 
same specificity as a monoclonal antibody of this invention by determining whether 
the antibody being tested prevents a monoclonal antibody of this invention from 
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binding the polypeptide(s) with which the monoclonal antibody is normally reactive. 
If the antibody being tested competes with the monoclonal antibody of the invention 
as shown by a decrease in binding by the monoclonal antibody of this invention, then 
it is likely that the two antibodies bind to the same or a closely related epitope. 
Alternatively, one can pre-incubate the monoclonal antibody of this invention with 
the polypeptide(s) with which it is normally reactive, and determine if the 
monoclonal antibody being tested is inhibited in its ability to bind the antigen. If the 
monoclonal antibody being tested is inhibited, then, in all likelihood, it has the same, 
or a closely related, epitopic specificity as the monoclonal antibody of this invention. 
[0128] As noted above, this invention also provides biological active fragments 
of the polyclonal and monoclonal antibodies described above. These antibody 
fragments retain some ability to selectively bind with its antigen or immunogen. 
Examples of antibody fragments are known in the art and include, but are not limited 
to, CDR regions, Fab, Fab', F(ab') 2 , F v , and single chain methods. Methods of 
making these fragments are known in the art, see for example, Harlow and Lane, 
(1988). 

[0129] The antibodies of this invention also can be modified to create chimeric 
antibodies. Chimeric antibodies are those in which the various domains of the 
antibodies' heavy and light chains are coded for by DNA from more than one species. 
[0130] The antibodies of this invention can be linked (i.e., conjugated) to a 
detectable agent or a hapten. The complex is useful to detect the polypeptide(s) (or 
polypeptide fragments) to which the antibody specifically binds in a sample, using 
standard immunochemical techniques such as immunohistochemistry as described by 
Harlow and Lane (1988). supra. Examples of types of immunoassays which can 
utilize monoclonal antibodies of the invention are competitive and non-competitive 
immunoassays in either a direct or indirect format. Examples of such immunoassays 
are the enzyme linked immunoassay (ELISA) radioimmunoassay (RIA) and the 
sandwich (immunometric) assay. Detection of using the monoclonal antibodies of 
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the invention can be done by utilizing immunoassays which are run in either the 
forward, reverse, or simultaneous modes, including immunohistochemical assays on 
physiological samples. Those of skill in the art will know, or can readily discern, 
other immunoassay formats without undue experimentation. 

[0131] Another technique which may also result in greater sensitivity consists of 
coupling the antibodies to low molecular weight haptens. These haptens can then be 
specifically detected by means of a second reaction. For example, it is common to 
use such haptens as biotin, which reacts avidin, or dinitropherryl, pyridoxal, and 
fluorescein, which can react with specific anti-hapten antibodies. See Harlow and 
Lane (1988) supra. 

[0132] The monoclonal antibodies of the invention can be bound to many 
different carriers. Thus, this invention also provides compositions containing 
antibodies and a carrier. Carriers can be active and/or inert. Examples of well- 
known carriers include glass, polystyrene, polypropylene, polyethylene, dextran, 
nylon, amylases, natural and modified celluloses, polyacrylamides, agaroses and 
magnetite. The nature of the carrier can be either soluble or insoluble for purposes of 
the invention. Those skilled in the art will know of other suitable carriers for binding 
monoclonal antibodies, or will be able to ascertain such, using routine 
experimentation. 

[0133] There are many different labels and methods of labeling known to those of 
ordinary skill in the art. Examples of the types of labels which can be used in the 
present invention include enzymes, radioisotopes, fluorescent compounds, colloidal 
metals, chemiluminescent compounds, and bioluminescent compounds. Those of 
ordinary skill in the art will know of other suitable labels for binding to the 
monoclonal antibody, or will be able to ascertain such, using routine experimentation. 
Furthermore, the binding of these labels to the monoclonal antibody of the invention 
can be done using standard techniques common to those of ordinary skill in the art. 
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[0134] For purposes of the invention, polypeptides of this invention may be 
detected by the monoclonal antibodies of the invention when present in biological 
samples, such as fluids and tissues. 

[0135] Compositions containing the antibodies, fragments thereof or cell lines 
which produce the antibodies, are encompassed by this invention. When these 
compositions are to be used pharmaceutically, they are combined with a 
pharmaceutically acceptable excipient 

Methods using polynucleotides, polypeptides and antibodies of the invention 

[0136] The invention provides methods of using the nacre polynucleotides or 
antibodies to determine conditions suitable for pearl formation. Pearl formation 
requires the expression of nacre. Thus, detection of expression of the gene (for 
example, in the form of RNA transcripts or protein) would be indicative of pearl 
formation. Accordingly, methods of determining conditions that permit pearl 
formation (which may be indicated by, for example, aggregation of calcium 
carbonate) may comprise: (a) cultivating a pearl oyster under a particular condition of 
interest; and (b) detecting expression of nacre by contacting a sample from the oyster 
with a polynucleotide or antibody described herein, 
[0137] The conditions to be determined can be any that are involved in 
cultivation of pearl oysters. Hence, these conditions would generally include 
conditions of the water in which pearl oysters are cultivated. These conditions may 
include water temperature, ionic strength (for example, salinity), depth, and presence 
of other organic and/or inorganic material (for example, nutrients required by the 
pearl oyster). These conditions may also include presence/absence of one or more 
agent(s) that enhance or inhibit the pearl formation process. Various methods of 
cultivating oysters are known in the art. 
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[0138] Gene expression can be detected by any of a variety of methods known in 
the art. Common methods include nucleic acid hybridization techniques such as in 
situ PCR, PCR amplification of nucleic acid in a sample, Northern blot hybridization, 
and in situ hybridization. Other common methods include detection of formation of 
antibody-antigen complexes. Antibody-antigen complexes can be detected by 
methods well known in the art. 

[0139] Samples containing gene expression products can originate from any 
source suspected or known to contain the products. One site of nacre gene 
expression in pearl oysters such as Pinctada margaritifera is the mantle region of the 
oyster. Thus, a sample containing mantle tissue would be suitable for use in these 
methods. 

[0140] The invention also provides methods for detecting and/or identifying a 
nacrein-expressing oyster. In pearl-producing oysters, identification of such oysters 
can be useful for selecting individual oysters as potential candidates for use as a pearl 
producing vessel. In oyster species not previously known to be capable of pearl 
formation, detection of nacre gene expression would indicate potential for use of 
oysters of that species in pearl formation. Methods of detecting a nacre gene- 
expressing oyster may comprise: (a) contacting a sample from an oyster of interest 
with a polynucleotide of the invention; and (b) detecting nacre gene expression based 
on hybridization of said polynucleotide to the sample. Methods of detecting a nacre- 
expressing oyster may also comprise: (a) contacting a sample from an oyster of 
interest with an antibody of the invention; and (b) detecting nacre gene expression 
based on binding of said antibody to the sample. Sample source and methods of 
detection are as described above. 

[0141] Quantification of nacre gene expression in a sample can provide useful 
information in pearl oyster cultivation. As used herein, the term "cultivation" refers 
to care of pearl oysters under conditions that promote growth and pearl formation. 
Expression levels of nacre may be indicative of optimal cultivation conditions, 
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individual oysters that are efficient in pearl formation, individual species that are 
particularly efficient in pearl formation, or presence/absence of one or more agents 
that enhance or inhibit the pearl formation process. The invention provides methods 
of quantifying nacre gene expression in a sample, said methods comprising (a) 
contacting the sample with a polynucleotide of the invention; (b) detecting 
hybridization of the polynucleotide to said sample; and (c) comparing the amount of 
the hybridization of step (b) with the amount of hybridization of said polynucleotide 
to a reference polynucleotide. A reference polynucleotide can be any polynucleotide 
whose amount is known and whose hybridization to the polynucleotide of step (b) 
provides a signal level that correlates to amount of nacre gene expression. Methods 
of quantification may also comprise: (a) contacting the sample with an antibody of 
the invention; (b) detecting binding of the antibody to said sample; and (c) comparing 
the amount of the binding of step (b) with the amount of binding of said antibody to a 
reference polypeptide. A reference polypeptide can be any polypeptide whose 
amount is known and whose binding to the antibody of step (b) provides a signal 
level that correlates to amount of nacre gene expression. Sample source and methods 
of detection are as described above. 

[0142] Thus, as illustrated above, polynucleotides of the invention can be used as 
hybridization probes for detection of, for example, the presence of nacre 
polynucleotides in a cell. For instance, a nacre polynucleotide could be used as a 
probe to determine the presence of nacre polynucleotide sequences in oyster 
suspected but not known to be capable of pearl formation. 
[0143] The polynucleotide probes may be provided with a label. Some of the 
labels often used include radioisotopes such as P and P, chemiluminscent or 
fluorescent reagents such as fluorescein, and enzymes such as alkaline phosphatase 
that are capable of producing a colored solute or precipitant. The label may be 
intrinsic to the reagent, it may be attached by direct chemical linkage, or it may be 
connected through a series of intermediate reactive molecules, such as a biotin-avidin 
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complex, or a series of inter-reactive polynucleotides. The label may be added to the 
reagent before hybridization with the target polynucleotide, or afterwards. To 
improve the sensitivity of the assay, it is often desirable to increase the signal ensuing 
from hybridization. This can be accomplished by using a combination of serially 
hybridizing polynucleotides or branched polynucleotides in such a way that multiple 
label components become incorporated into each complex. See U.S. patent 
5,124,426. 

[0144] If desired, the target polynucleotide may be extracted from the sample, 
and may also be partially purified. The target polynucleotide may be optionally 
subjected to any combination of additional treatments, including digestion with 
restriction endonucleases, size separation (by electrophoresis in agarose or 
polyacrylamide, for example), and affixation to a reaction matrix, such as a blotting 
material. 

[0145] Hybridization is allowed to occur by mixing the nacre polynucleotide with 
a sample suspected of containing target polynucleotide under appropriate reaction 
conditions. This may be followed by washing or separation to remove unreacted 
reagent. Generally, both target polynucleotide and nacre polynucleotide are at least 
partly equilibrated into the single-stranded form (i.e., denatured) in order for 
complementary sequences to hybridize efficiently. 

[0146] As stated above, another method of detecting polynucleotide target is by 
using PCR. All processes of producing replicate copies of the same polynucleotide, 
such as PCR or gene cloning, are collectively referred to herein as "replication". A 
polynucleotide of the invention (of suitable length, as can be determined by one 
skilled in the art) may be used to amplify nacre gene transcripts in the sample. 
Generally, a polynucleotide to be used as a primer is about 1 5 to 20 nucleotides in 
length, although longer primers of 30 to 50 nucleotides may be used. Preferably, a 
sample known not to contain any nacre gene sequences (in particular, Pinctada 
margaritifera nacre gene sequences) is used as a negative control. PCR methods are 
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well known in the art and need not be described herein. For these methods, DNA or 
RNA is prepared from a sample. 

[0147] Gene expression may be indicated by the presence of sufficient reaction 
product at the end of the amplification series. Amplified polynucleotide may be 
detected on an agarose gel upon staining with ethidium bromide. Alternatively, a 
radiolabeled substrate may be added to the mixture during the final amplification 
cycle. The incorporated label may be separated from unincorporated label (e.g., by 
blotting or by size separation) and the label may be detected by, for example, 
counting or autoradiography. If run on a gel of agarose or polyacrylamide, the size of 
the product may help confirm the identify of the amplified fragment. Specific 
amplification may also be followed by specific hybridization, by using the 
amplification mixture obtained from the foregoing procedure as a target source for 
the hybridization reaction outlined above. 

[0148] As illustrated above, antibodies of the invention can be used as probes for 
detection of, for example, the presence of nacre gene product in a cell. For instance, 
an antibody could be used as a probe to determine the presence of nacrein in oyster 
suspected but not known to be capable of pearl formation. 

[0149] The antibody used as a reagent may be provided directly with a suitable 
label. More frequently, the antibody is detected using one of a number of developing 
reagents which are easily produced or available commercially. Typically, these 
developing reagents are antiimmunoglobulin or protein A, and they typically bear 
labels which include, but are not limited to, fluorescent markers such as fluorescein, 
enzymes such as peroxidase that are capable of precipitating a suitable chemical 
compound, or that emits light by way of a chemical reaction, electron dense markers 
such as colloidal gold, or radioisotopes such as 125 1, 32 P, or 35 S. 
[0150] The amount of polypeptide may be detected in a standard quantitative 
immunoassay. If the protein is secreted or shed from the cell in any appreciable amount, 
or is present in white blood cells, it may be detectable in plasma or serum samples. 
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Alternatively, the target protein may be solubilized or extracted from a solid tissue 
sample. Before quantitating, the protein may optionally be affixed to a solid phase, such 
as by a blot technique or using a capture antibody. 

[0151] A number of immunoassay methods are established in the art for 
performing the quantitation. For example, the protein may be mixed with a 
pre-determined non-limiting amount of the reagent antibody specific for the protein. 
The reagent antibody may contain a directly attached label, such as an enzyme or a 
radioisotope, or a second labeled reagent may be added, such as anti-immunoglobulin 
or protein A. For a solid-phase assay, unreacted reagents are removed by washing. 
For a liquid-phase assay, unreacted reagents are removed by some other separation 
technique, such as filtration or chromatography. The amount of label captured in the 
complex is positively related to the amount of target protein present in the test 
sample. A variation of this technique is a competitive assay, in which the target 
protein competes with a labeled analog for binding sites on the specific antibody. In 
this case, the amount of label captured is negatively related to the amount of target 
protein present in a test sample. Results obtained using any such assay on a sample 
from a suspected infected source are compared with those from a non-infected 
source. 

[0152] Polynucleotides of the invention can also be used to create transgenic 
organisms, such as transgenic oyster. Transgenesis methods are well known in the 
art. Transgenic organisms can be generated that possess a desired characteristic, for 
example increased pearl formation or formation of a pearl possessing a desired 
characteristic. In one embodiment, transgenic organisms comprising a 
polynucleotide comprising a sequence of Pinctada margaritifera (as depicted in SEQ 
ID NO:l) and one or more sequences of another oyster species (such as Pinctada 
maxima and Pinctada fucata, sequences as depicted in SEQ ED NO:2 and 3) can be 
generated. Such transgenic organisms can be selected for desired characteristics, for 
example increased pearl formation or formation of pearls with a desired 
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characteristic. In some embodiments, a transgenic organism may be a non-human 
animal. Methods for generating transgenic animals via embryo manipulation and 
microinjection are known in the art and are described, for example, in U.S. Pat. Nos. 
4,736,866, 4,870,009, 4,873,191, and in Hogan, B., Manipulating the Mouse Embryo, 
(Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1986). 

Arrays of polynucleotides, polypeptides and antibodies of the invention 

[0153] The polynucleotides, polypeptides and/or antibodies of the invention can 
be attached to a solid or semi-solid substrate to create arrays. These arrays are useful 
in a variety of ways, including in carrying out the methods of the invention as 
described above. 

[0154] Polynucleotides, polypeptides and/or antibodies of the invention can be 
attached to a solid or semi-solid support or surface, which may be made, e.g., from 
glass, plastic (e.g., polypropylene, nylon), polyacrylamide, nitrocellulose, or other 
materials. 

[0155] Methods of attaching polynucleotides, polypeptides and proteins such as 
antibodies to solid or semi-solid substrates are well known in the art. For example, 
several techniques are known in the art for attaching nucleic acids to a solid substrate 
such as a glass slide. One method is to incorporate modified bases or analogs that 
contain a moiety that is capable of attachment to a solid substrate, such as an amine 
group, a derivative of an amine group or another group with a positive charge, into 
synthesized nucleic acids. The nucleic acid is then contacted with a solid substrate, 
such as a glass slide, which is coated with an aldehyde or another reactive group 
which will form a covalent link with the reactive group that is on the synthesized 
nucleic acid and become covalently attached to the glass slide. Microarrays 
comprising the polynucleotides can be fabricated using a Biodot (BioDot, Inc. Irvine, 
CA) spotting apparatus and aldehyde-coated glass slides (CEL Associates, Houston, 
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TX). Polynucleotides can be spotted onto the aldehyde-coated slides, and processed 
according to published procedures (Schena et al., Proc. Natl Acad. Sci. U.S.A. 
(1996), 93: 10614-10619). Arrays can also be printed by robotics onto glass, nylon 
(Ramsay, G., Nature BiotechnoL (1998), 16:40-44), polypropylene (Matson, et al, 
Anal Biochem. (1995), 224(1): 110-6), and silicone slides (Marshall, A. and Hodgson, 
J., Nature BiotechnoL (1998), 16:27-31). Other approaches to array assembly include 
fine micropipetting within electric fields (Marshall and Hodgson, supra), and spotting 
the polynucleotides directly onto positively coated plates. Methods such as those 
using amino propyl silicon surface chemistry are also known in the art, as disclosed at 
http://www.cmt.corning.com and http://cmgm.stanford.edu/pbrown/. 
[0156] One method for making microarrays is by making high-density arrays. For 
example, techniques are known for rapid deposition of polynucleotides (Blanchard et 
al., Biosensors & Bioelectronics, 1 1:687-690). Other methods for making 
microarrays, e.g., by masking (Maskos and Southern, Nuc. Acids. Res. 
(1992),20: 1679- 1684), may also be used. In principle, and as noted above, any type 
of array, for example, dot blots on a nylon hybridization membrane, could be used. 
However, as will be recognized by those skilled in the art, very small arrays will 
frequently be preferred because hybridization volumes will be smaller. 
[0157] Polynucleotides, polypeptides and/or antibodies of the invention may be 
spotted as a matrix on substrates comprising paper, glass, plastic, polypropylene, 
nylon, polyacrylamide, nitrocellulose, silicon, optical fiber or any other suitable solid 
or semi-solid (e.g., thin layer of polyacrylamide gel) (Khrapko, et al., DNA Sequence 
(1991), 1:375-388) surface. 

[0158] An array may be assembled as a two-dimensional matrix on a planar 
substrate or may have a three-dimensional configuration comprising pins, rods, 
fibers, tapes, threads, beads, particles, microtiter wells, capillaries, cylinders and any 
other arrangement suitable for hybridization/binding and detection of target 
molecules. In one embodiment the substrate to which the polynucleotides, 
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polypeptides and/or antibodies of the invention are attached is magnetic beads or 
particles. In another embodiment, the solid substrate comprises an optical fiber. In yet 
another embodiment, the polynucleotides, polypeptides and/or antibodies of the 
invention are dispersed in fluid phase within a capillary which, in turn, is 
immobilized with respect to a solid phase. 

EXAMPLES 

Example 1: Isolation of sequences of the nacre gene of Pinctada margaritifera 
Total RNA Isolation 

[0159] 9 grams of mantle tissue of Pinctada margaritifera was homogenized by 
using mortal and pestle in liquid nitrogen. The homogenized tissues was lysed in 
TRIZOL reagent (Life Technologies), followed by 12,000 x g centrifugation for 20 
minutes at 4°C. Total RNA in aqueous phase was then precipitated by adding 
isopropyl alcohol (Yi of TRIZOL volume) and centrifuged at 8,000 x g for 15 minutes 
at 4 °C. The total RNA pellet was purified with 70% ethanol, followed by 
centrifugation, 8,000 x g for 15 minutes at 4°C. The yield of total RNA was 3.2 mg as 
determined by spectrophotometry absorption measurements at 260 nm. 

Isolation of poly A* RNA from Total RNA 

[0160] About 2 mg of total RNA was mixed with Oligotex suspension 
(QIAGEN), followed by 70°C incubation for 3 minutes, which allowed mRNA to 
bind to dT 3 o on Oligotex. The mRNA was eluted by resuspending in less ionic 
strength solutions and centrifugation. These procedures were repeated four times. 
The recovery yield of purified poly A+ mRNA was 20ug. 
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cDNA Library Construction 

[0161 ] 1 5 ug of isolated and purified mRNA was used for making cDNA library 
by using the Superscript Plasmid System (Life technologies). The first strand of 
DNA was synthesized by mixing purified mRNA with Not I primer-adapter, reverse 
transcriptase, followed by presence of E. coli DNA ligase and E. coli DNA 
polymerase I. The second strand synthesis was performed in the presence of T4 DNA 
polymerase, Sal I adapter and T4 DNA ligase. The synthesized cDNA then went 
through column chromatography for size fractionation, followed by ligation with 
pCMV-SPORT 6 vector. 

Electroporation of cDNA library into competent cells 

[0162] 1 ug of synthesized cDNA library was electroporated into XLl-Blue 
competent cells (Stratagene) by using the Gene Pulser II System (Bio-Rad). The 
procedure as described in Sambrook et al. (1989) was followed. Bacteria were then 
pasted onto LB plates with 25 ug/ml of ampicillin in the presence of X-gal (5-bromo- 
4-chloro-3-indolyl-b-D~galactopyranoside) and IPTG (Isopropyl-l-thio-b-D- 
galactopyranoside) for positive colony isolation, followed by incubation at 37°C 
overnight. 

RT-PCR 

[0163] Purified mRNA was subjected to Reverse Transcriptase Polymerase Chain 
Reaction (RT-PCR) with deoxynucleotide triphosphates (dNTPs), reverse 
transcriptase, dithiothreitol (DTT), and random hexamer oligonucleotides. 
Conditions for PCR were hot start at 94 °C for 10 min; then 25 cycles of 94 °C for 1 
min, 58 °C for 1 min, and 72 °C for 2 min; then 72 °C for 10 min. The RT-PCR 
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product was then subcloned into the pGEM-T easy vector (Promega, Madison, WI) 
between EcoRI and Spel, followed by electroporation as described above. 

PCR screening for isolating positive clones 

[01 64] Clones obtained from the RT-PCR described above were randomly 
selected from LB plates for PCR screening by using T7 and Sp6 primers. Each 
bacterial clone was mixed with deoxynucleotide triphosphates (dNTPs), Taq 
polymerase, dithiothreitol, and subjected to 25 cycles of PCR , as described above, 
the amplification products assessed by 0.8% agarose gel electrophoresis. 

Sequencing screening for verifying positive clones 

[01 65] Bacterial clones corresponding to PCR-gel electrophoresis with insert size 
larger than 300 bp were purified with mini-prep (VIOGENE) for DNA sequencing. 
Midi-prep and Mini-prep were based on a DNA alkaline extraction method. Plasmid 
DNA containing an insert was then sequenced by using the dideoxy terminator cycle 
sequencing method and DNA sequencer ABI 377 (Applied Biosystems). The primer 
used in DNA sequencing was either T7 or Sp6 primer. 



Homology analysis 

[0166] DNA sequences obtained from previous step were searched against a gene 
database by using BLAST program Cww.ncbi.nlm.nih.gov ). Through BLAST 
searching, the sequence of one clone was determined to be that from the nacre gene 
cDNA. 



59 



Radioisotope-labeled probe 

[01 67] The obtained clone from homology analysis was then radioactively- 
labeled with 32 P by random priming, followed by spin column chromatography for 
isolation and purification of highly specific radioactively-labeled probes. 

Hybridization with cDNA library 

[01 68] Bacteria containing cDNA library DNA obtained from above were plated 
out on LB plate containing 25 ug/ml of ampicillin, followed by incubation at 37°C for 
overnight. The plates were then attached with nylon membrane for replication, 
followed by DNA denaturing and hybridization with radioactively-labeled probes. 
The nylon membranes were then washed with low stringency SSC solution, followed 
by X-ray film photography. Positive clones were isolated from corresponding 
replicated plates for mini-prep and DNA sequencing verification. 

*** 

[01 74] Although the foregoing invention has been described in some detail by 
way of illustration and examples for purposes of clarity of understanding, it will be 
apparent to those skilled in the art that certain changes and modifications may be 
practiced without departing from the spirit and scope of the invention. Therefore, the 
description should not be construed as limiting the scope of the invention, which is 
delineated by the appended claims. 

[01 75] All publications, patents, and patent applications cited herein are hereby 
incorporated by reference in their entirety for all purposes to the same extent as if 
each individual publication, patent, or patent application were specifically and 
individually indicated to be so incorporated by reference. 
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